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INTRODUCYTION

Geology 15 4 science which treats of the Larth But this
definition has to be specafied because the Earth s studied by
many sciences that have therr own specific tasks and methods
of i1ovestigation

Modern geology studies the history of the Earth and its
life In conforrmty with thns task, 1t 1s divided 1nto two
clo_sly related seetions which are sometimes regarded ag sep
arate disciplines a) dynamie (physieal) geology which deals
with the cau.es and processes of geological change and
b) historical geology which studies erustal changesin time and
space and the relation between the development of the or
ganic world and the Earth s crust

This book describes the geological processes on tho sur-
face of the Earth and 1n1t outlines the history of the Earth s
crust and gives a geological chronology

To c¢nable readers to understand geological processes
more fully the authorstouch upon problems of astronomy and
phystcal geography and discuse the Earth s position n
space and also the various hypotheses on the Earth s onigin
The purpose of this book is to teach people to recognise ore-
forming and other widespread minerals as well ag rocks wuse

a geolomical compass read geological maps and construct
geological sections

Ferrous and non ferrous metallurgy the fuel and chem
1cal industries agriculture and other branches of the nation-
al economy owe their existente and development to mner
als and geology provides the knowledge nceded to look for
and exploit these minerals By studying the structure, com-
Position and mstory of the Earth s crust geeclogists uncover
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the wealth hidden an the bosom of the Iarth and develop
efficient methods of tapping this wealth Morcover the an
formation yielded by peolopy 19 of tho utmost ympartance to
building Tho bunlders of Ing factories and civel buildings
ratinays ol and gas pipelines tunnels brudges dams amnd
reseryvoirs require preliminary geologieal information on tho
bedding of rochs 10 and around bwilding sites the compost
tion of these rochs and the conditions under which they
formed tho processes changing theso rochs and the futuro
direction of the=o changes

Man has always evinced an interest in geology Tlhtis 1s
borne out by the fact that ho learned to produce metals long
before the dawn of our era But 1t was only 1n the first half
of the nmineteenth century that tho first chronology of the
Earth s history was compiled and theories were advanced
on the formation of mountains

The extensive factual material yielded by imvestigations
1n vast areas in Europe Asia and America provided the foun
dation for screntiflic generalisations

Many Russian West European and American scientisls
have helped to formulate the fundamentals of geology Of
the Russian geologists special mention must be made of
Mikbail Lomonosoy (1711 1765) who came forward with
important 1deas about the Earth s ortgin and geological
structure and did much to further miming Outstanding
work was done at the close of the eighteenth and beginnming of
the mineteenth century by Vasily Severgin (mineralogy)
Nikola: Koksharov (crystallography) and Dmitry Soholoy
(reology) The Russian scientists who mado important con
tributions to geology 1n the second half of the mincteenth
and early twenticth century include Gennady Romanoysh
Alexander Rarpinshy Viadimir Obruchev Ivan Gubkin
Androi Arkhangelsky (gcology) Viadimir hovalevshy Ni
Lolai Yakovlev Alexecr Borisyakh Alexc: Pavloy M V Pay
lov (paleontology) Yevgraf Fyodorov (crystallography)
Viwlimir Vernadshy Alexander Fersman and Frants Lo
vinson Lessing (petrography aml geochemrstiry)

Abroad the outstanding investigators 1n the ninetecnth
and twenticth centurres mclude Yilliam Smith {Great Dt
ain) and Georges Cuvier (France) who proved that fossil
orgamisms play an tmportant role 1n the consecutive strati
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eraphy of sediments, Charles I yell (Great Britamn} who 1n
troduced the actualistic method (whereby the past 1s studied
through the present) into geology, Lduard Suess (Austrin)
who studied the structure of the T'arth s crust, E Haug
(France) who developed the geosynchinal theory Albert
Heim (Swatzerland) Leopold Kober (Austria) and James
Dwight Dana (US A) who studied tectomes and Allred
Lothar Wegener {Germany) who developed the theory that
continents float on a bed of molien magma

Soviet scientists have done much to develop the theory
of geology and to enlarge the raw material resources of the
Soviet miming industry This work 1s being facilitated by
the Soviet Umon s far reaching plans of cconomic develop
ment The Soviet Union 5 enormous terntory and the great
diversity of her geologmenl structure hikewiso provide con
siderable opportumity for geologieal study and generalisa
Lions

In the past few decades Soviet geologists have discovered
new reserves of ferrous non ferrous and rare metals, o1l and
other minerals Sowviet industry now has all the mineral raw
materials it requires

Huge alumimum deposits have been discovered on the
castern slopes of tho Ural Mountaing :n the Tihhvin arca
in the Ukraine and other regions of the US S R Many years
ago Academician Andreir Arkhangeisky had insisted there
were alumintum ores {bauxates) 1n these regions

The discovery of huge iron ore deposits became possible
thanks to our greater knowledge of the genesis of 1ron ores
which as we now know, form not only where sedimentary
and magmatic rochs come 1nto contact but also far from these

points of cantact, 1n coastal regions, as well as in the weath-
ering crust of rochs

Academician Jvan Gubkin whose forecasts helped to

discover o1l and natural gas deposits played an 1mportant
rnletm developing the theory of the formation of these de
POSLLS

Theoretical premises have 1n a large measure been respon-
sible for the discovery of diamond fields 1n Yalutia

Geologieal investigations have strengthened and enrnched
hydrogeology, cngineering geology geotectonics, geocryolo
By, volcanology, paleontology and other disciplines, and
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have also given rise to many new geological disciplines Geo
cheminstry and geophysies emerged during the prescnt cen
tury and are developing rapidly Geochemistry which owes
its rise manly to the investigations of the Soviet scientists
Viadimir Vernadsky and Alexander Fersman <tudies the
history of the chemical elements in the Earth s crust the
laws governing their distribution and also their behaviour
undor various physical and chemical conditions Geophysics
studres the physical properties of the Earth as a whole and
1ts separate regions through yarious 1nstrnmental observa
tions Geophysical methods are very important 1n the scarch
for mineral deposits

In studying the Larth scrust 1ts formation and 1ts changes
in time geology draws upon the basic theories of physics
chemistry and biology But the methods of i1nvestigation
used 1n geology differ greatly from chemical and brological
methods In physies chemstry and biolopy various laws aro
established through experimentation but it 15 extremely
difficult to conduct experniments in geology It 1s hard for
example to crcate the nccessary conditrons for orogenic
processes which gave rise to mountain ranges over a pertod
of many miilions of years But cxperiments modelling
various geelogical processes are being conducted 1n many
countries 1ncleding tho Sovict Unien

Geology s principal method of investigation 1s to con
duct close field observations of tho consccutive stratifica
tion of rocks (strigraphy)} therr structural features (tecton
1cs) composition (petrography) and relative age on the
basis of the fossil fauna and {lora preserved 1n them (paleon
tology)

Sox et sciontasts an penctrating ever deeperinto the ezsence
of the processes they are studying generalising data by meth
ods of dialectical matertalism  and formulating hypotlh
eses on the geological processes in remote periods of the
Earth s histony

Tho structure of abyssal lnyers wlieh cannot bo reachold
for direct observation 15 tudied by the products of volean
1¢c eruptions Investipations of carthquakes and of the pa s
age of <ismic waves through the Iarth give some uleq of
the tate of maticr in the @ arth Important conclue rons
have been arrnved at througha tudy of geothermal phenom
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ena Observations 1n this field have shown that the great
reserves of heat 1n the Earth play a very important role in
the processes forming the Larth s crust the secular vana-
trons of the boundaries of continents and seas the presence
of hot springs and other phenomena
Instrumental geophysical methods of 1nvestigation (seis

mometry magmtometry gravimetry and so on) which
allow studying the passage of seismic waves through various
mantles of the Earth magnetic phenomena the distribution

of the forces of gravity and other phenomena, have enabled

scientists to unfathom many secrets of the structure of the
Earth s crust






ORIGIN OT TIIL EARTH, ITS PHYSICAL
AND CHEMICAL PROPFRTIES

THE LCARTII IN COSMIC SPACE

Tho Earth 1s one of the planets of the solar system and re
volves round the Sun like ali the other planets of this system
The plancts revolving round the Sun are situated in a single
plane, namely, 1n the plane of the echiptic which forms an
angle of about 7° with the solar equator

The problem of the origan of the solar system and of the
entire unaverse 1s of greal theoretical and practical 1mpor
tance

All scientists agree that celestial bodies were formed of
identical matter Various hypotheses were enunciated to
explain the ortgin of the solar system Ono of the first was
theihygnthﬂslﬁ advanced by Immanuel Kkant (1724 1804)
in 175

He said the umiver<e was formed of the primary matter
filhng cosmic space The particles of this apparently solid
matter were 1n a state of rest but differed from each other 1n
density and mass Attracted by mutual gravitation they
began to move and form separate condensations These con
densations continued to interact the bigger condensations
attracting the smaller ones 1n the sphere of their action Thus
were formed large knots of matter But besides gravitation
al forces there arc forces of mutual repulsion, under the
action of which colhiding particles bounce away from each
other 1n different directions The direction that the moving
particles were given most frequently beeame predominant
and a mass of hnots of matter began to revolve 1n one direc
tion round a bigger hnot, round a central body—the Sun
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The particdes resolving round the Sun representud rings
of a metcor shower which had ats own centres of attraction—
the nucle: of future planets Gradually uniting under tho
forco of eravitation all meteors are thus transformed mto a
system of planets circling round the Sun (Fig 1)

In 1796 Picrre Laplace (1748 1827) advanced a simalar
hy pothesis of the onigin of the solar system and other worlds
His hypothe 1s was that the matter of which the Sun the

Ft 1 Foemation of the »un and the plancts after hant [ aplaco

nlancts and their satellhites cons: L was at one time a rarefied
e1scous cloud {(nebula) which was in a state of rotation (the
cqause of which 18 unhnown) On account of the attraction
between the particles this nebula began to conden o tn s
centre and this led to the formation of the primeval Sun
In the beginninz 1t was emcluped in a ncbula revolving
¢venly round it The particles pearest to the Sun thus de-
cribecd orbits of les er radies while tho e more d1 tant de-
erited orbitsof Ligperradius inthe amespanoftime There-
forc the farther away from the centre ani the wether the
gravitation the greater the centrifupal force became Al a
certain di tance from the centre the ¢ forces truch a bal
ance Tho bounlary ejarating the given sy tem fromthe
others pa ~od through tins point
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Civing away 1ts heat into space, the revolving nebula
gradually cooled down and consequently, contracted That
led to an 1ncrease of the velocity of rotation which at length
attained a value at which the centrifugal force exceeded the
inward pull of gravity On account of this, the nebula began
to lose 1ts spherical form and to change 1nto a more and more
pronounced spheroid Round 1ts eguator the nebula began
to disintegrate into several nmarrow and thin rings Under
the 1nfluence of uneven cooling the rings broke off and owing
to the attraction between the particles the planets re-
volving round the Sun were formed (Fig 1)

In contrast to hant s hypothests which drew no atten
Lon Laplace s propositions became very popular as soon as
they werc published and they influenced the development
of astronomy 1n the nineteenth century Laplace s hypothe-
s18 explained why the planets revelved round the Sun in the
same direction as the Sun was rotating round i1ts own axis
why their orbits were arranged mearly in the same plane
why they were rotating round therr axes 1n the same direc-
tion as the Sun and so on

At present the hypotheses of hant and Laplace whose
content 1s very nearly the same are known as the Kant
Laplace hypothesis

Further study of the untverse and the solar system revealed
numerous facts that contradicted the Kant Laplace pro
positions It became known for example that the satel
lites of somo planets do not rotate in the same drrection as
the planets themselves (this concerns some of the satellites
of Uranus and Jupiter)

Other cosmogonical hy potheses (the hypotheses of Moul
ton Chamberlin, Jeans and others) developed out of the
kant Laplace hypothesis 1n the twentieth century

In the past few decades the Soviet scientists who have
been developing cosmogonical hypotheses have introduced
cssential corrections into the scientific 1deas advanced 1n
the nmineteenth and early twentieth centuries One of them
Otto Schmidt believed the early hypotheses were untenable
because they were only quahitative Modern cosmogony he

said should also engage 1n quantitative study based on
mathematical and statistical methods

In 1944 Schmidt put forward a new hypothests 1in which
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it was assumed that the planets of the solar system ong
nated from o ogas dust ncbula altracted by the Sun ag i
mozved an antentellhr space

The sohid meteonte particles revolsing round the Sun unit
ed under the influence of gravitation and gave o ¢ to the
planets This process of unification of the planels proceeded
rather tntensively <o long as the meteor shower was dense
but 1n the last 2 000 million years the addition of meteontes
to the Larth has been very inconsiderable The redistribu
tion of the meteorste mass withun the Earth procecded only
In a viscous plastic stale without transition through a fluid
stage The I arth according to Schmidt was never hot its
average tomperalure never exceeshing 4% The subsequent
heating of the Larth 1s associaled with the doeay of radioac
tive cloments

Schmidt s hy pothesis plausibly explains all the structural
features of the selar system the circular orbits the revolu
tion of the planets the laws goverming the spacing of the
plancts the division of the plancts inte two groups (large
plancts and plancts of the terrestrial type) morcover on
the assumption that plancts received thar quantity of mo

tion from without during the capturc of a gas dust cloud
at the expense of the enormous momentum of rotation of
the Galaxy it solves the major problem of the distribution
of mass and momentum 1n the solar system

The weak pomnt in Schoudt s hypothests was howesver
the problem of the ongin of the meteorite gas dust cloud
round the Sun which was the 1mtial material for the forma
tron of the plancts The possibility of the Sun capturing such
a cloud from the Galaxy has been mathematically proved
for the casc of interaction of threo bodies yet this possibili
ty s so rarc that i1t makes the process of the formation of
plancts a umque phenomenon 1n the universe This compels
scientists to seek other explanations of the onigin of tho gas
dust cloud round the Sun

The investigations of the Sovict astrophysieist V- A Am
bartsumyan are of particular importance 1n this connec
tion He proved that stars are forming continuously through
the condensation of matter 1n rarefied gas dust ncbulae

On the basis of this fact the Soviet astronomer V. G Fe
senkov developed the hy pothesis that the Sun and the plan
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ets revolving round 1t orginated from a common gas dust
medium According to his hypothesis at the time the Sun
was formed as an ordinary star 1its huge mass and fast ro
tation caused matter to separate from 1ts equatorial plane
This matter formed a gas dust cloud of unequally distribut
ed density The subsequent cvolution of this cloud proceed-
ed under the influence of gravity, and led to the creation of
the planets The formation of the planets 15 thus a part of
the general process of the formation of stars and appears to
be a widespread phenomenon 1n the umiverse According to
Fesenhov the Earth as all the other plancts fook shape
immediately throughont its mass and not as a result of n
long process involving the concentration of scparate parti
cles of dust

It 1s now generally accepted that the Sun and the nine
known planets revolving round it represent a planetary sys
temm which travels in space at a very lagh speed The solar
sy.tem moves at a yveloaty of 233 kilometres per sceond

I'he group of the manor plancts of the terrcstrial tvpe 1s
nearest to the Sun These plancts are relatively small and
their density 18 very high 1f we take the mean distance from
the Earth to the Sun (149 500 000 kilometres) as our umt of

distance we shall find thas group of planets 1n the following
order 1n relation to the Sun Mercury 0 39 unit, Venus ¢ 72
unit, the Larth 41 0 ymit and Mars 0 52 unit

They are separated from the outer group of major plan
cts by a belt of asteroids {or planetoids), which consist
of accumulations of small planet like bodices revolving about
the Sun 1n elliptical orhits, and omented 1n dafferent direc-
tions Fesenhov estimates the total mass of asteroids as
00003 of the Earth 5 mass

The major planets whose mass comprises 99 5 per cent of
all planetary matter are arranged 1n relation to the Sun 1n
the following order Jupiter 5 20 umts Saturn 9 55 umts
Uranus 19 19 umts, Neptune 30 07 umts and Pluto 39 65
units

If we adopt thodiameter of the Darth as one umit of meas
urement, the diameter of Mercury will only he 0 38 unit,
of Venus 0 97 umt and of Mars 05 umt The diameters of
thie major planets will then be J uptter 11 umts, Saturn 9 5
units Uranus 4 umits and Neptune 3 89 umts (Fig 2) asrc
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gards Pluto’sdiameter st 1s believed to be anything from half
to about tlic same as the I arth «

A trononters have established that the density of the ter
restrial plancts s groater than that of the major plancts
The densaty of tho Larth an G/em3 s equal too 52 the den
ity of Juptter 13 while the density of Saturn s only 07
1t ¢ less than the density of water

Siv planets have satellites  Most of the satcllites revolse
round the planets inthe same direction as their parent bod
1es revolve round the Sun Jupiter has the largest number
of satellites—12 Light of them rovolve round Jupiter :n
the snmoe direction as the planct ateelf while the remaining
four revolve 1n the opposite direction

Mars has two satellites Saturn mine and also a nng U
nus fine and Neptune two The Moon is tho Larth s satel
hte Mercury Venus and Pluto have no satellites

Thero are thus nine planets and forty satelhites (not count
kg Saturn s ring) in tho solar system On January 2 1929
lhe US S R launched a space rochet which broko loose from
tho Larth s gravitation and went into orbit round the Sun
Lhereby becoming the first man made <atellite of the solar
5y stem

Comects arc also a part of the solar system Observed from
tho Lartlh they appear as luminous nebular spots (head
of the comet) from which a luminous tail streams out
Comets constst of extremely rarcfied gases {chiefly carbon
monoxide and ¢y anogen) and of tiny particles of cosmtc dust
which reflect the sunhght A certainconsolidationisobsersed
only at tho hcad or nucleus of a comet This nucleus
cvidently consists of an accumulation of stones and boulders
spaced at small 1ntervals The mass of a comet 1s infinitesi-
mal and does not exceed the mass of small asteroids (calcu
lated 1n million millionth parts of the Larth s mass)

Like the plancts comets revolve round the Sun in ellipty
cal orbits Only some of them move along shightly clongated
ellipses and can thercfore be periodically observed from
the Earth The orbits of the majority are so strongly elon
cated that it takes them hundreds and sometimes thousands
of years to complete one revolution round the Sun

Planets with a high density as well as asteroids havo the
same mtncral composition as the Earth This ts proved by the
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nmichel, others consist of lighter minerals and are hnown as
stony meteorites

Many of the smaller fragments of cosmic bodies that
get 1nto the Earth s atmosphere burn up completely before
they reach the Earth’s surface and a part of them sweep
past the Earth

Being one of the planets of the solar system the Earth
15 1nfluenced by the Sun and the other planets of this system
But the greatest influence on the life of the Carth 1s exerted

by the Sun and the Moon The Moon 1s 384 395 kilometres
or 60 terrestrial radn away from the Earth

A number of geodynamic processes, called exogenous
lexternal) processes, are determined first by the revolution
of the Earth round the Sun and second by the fact that the
Earth receives heat from the Sun The latter factor strongly
influences the conditions and mobility of the Earth s at
mosphere The phenomenon of ocean tides 13 produced by
the comhined gravitational attraction of the Sun and Moon

upon the Earth The age of the Earth as a planet 1s enormous
—about 4 000 m:llion years
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TIHT DARTH S SIEAPE PIYSICAL 5 ROPE RTILS
AND COMTONITIO

Shape of the Larth 1 ntil the <eventeenth contury it
was IIL“[ 'H'll ”Illl ”It‘ l ﬂl’lh wiqT n nﬂll!nr ![I]u M l[ﬂﬁ[\“ﬁr
by the clow of that eentury many facts had boon aceymulate |
which indieated that the Tarth was not a sphene The os
ctllations of the = comd pontulum wen ob crvad tn I ened
atd in the equitoninl part of Amnericn and these studies
showed that the osallations won slower in the <outh than in
the north Henee 3t wasnfornd that the | arth bulped more
i the equatornial ngion than tn the polar ngron

Inilepondently of these obscrvations  <ome scrcntists camo
to the conclusion that the 1arth was a apheroid with the
polar axie somewhat <horter than the cquatenal axis

This comilusion are ¢ from the theoretieal reasomng that
at one time the I arth wasan o fluwd or plastic state Owing
to its rotation aboul 1ts own axis througl the action of centr
fuga) forces the Farth nnaspnlably became flatter at the
poeles and expanded ab the equator

In the seventeenth nincteentl ecnturies to solve the prob
lem of the I arth s shape tho length of the meridian arc was
moqsurcd ab duffonont latitudes by the triangulation mcthod
Theso moasuruments showed that the length of the mernlian
arc cornsponding to one degree of Intitude tncrenased from
tho crquator towands the pole In [mrtlculur Rlusstan scien
tists tooh a number of latitwdinal measurcments which to
tlis day constitule the groater part of the geodetic work
that has been done Lo measure the 52nd parallel The lind
of measurement begins 1n Logland passes throngh Belginm
Germany and Poland and stretches in Russia up to tho town
of Orsk 1n the Trans Ural region Thus nearly two thirds
of this hne 1s 1n Russta

Dilferent lengths of the equatortal and pelar semr axes
or the Earth s radnn have been established as a result of nu
merous lonmtudinal and latitudinal mcasurements of tho
Earth s surface According to these measurements the equa
torial radius 18 21 kilometres longer than the polar radius
It 15 now accepted that the radius of the Earth averages 6 376

Lilometres the Earth s contraction 18 1 298 and 1ts surfaco
has an area of 510 400 924 sgease kilomelses
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The exact determination of the shapo of the Earth 1s of
ymportance to theory and practice The reason for this 18
that 1t affects the accuracy of geodetic surveying and cartog
raphy The radn given above show that the globe 1s flat-
tened at the polesand that1ts shapesclose to that of an oblate
spheraid Detailed geodetic and geophysical investigations
have also established that the equatonal radn are not equal
in length either On the equator there 1s a differcnce of 213
metres 1n the length of the radu The Earth 1s thus consid-
ercd to be atriaxial ethipsord which has been named the Kra-
sovshy ellipsord this shape 1s also known as a geoid, 1 &,
a shape that 18 distinctive of the Earth only and cannot be
reflected by any proper geometric form The Larth's surface
has an amplitude of unevenness of 20 kilometres

Force of Gravity The umque shape and structure or
the Earth cause changesin the pull of gravity on itssurface Re
cent accuratc measunrements of the force of gravity give an
1dea of the laws goverming 1ts distribution on the Earth s
surface There 1s greater gravity in the polar thanin the
equatorial region and gravitational acceleration changes
smoothly from the pole towards the equator by half a per
cent However a deviation from this rule ts observed at a
number of points insome placesthe force of gravity 1s above
normal (positive gravity anomaly) and 1n others it 15
below normal {(necgative gravity anomaly}) Anomalies are
brought ahout by rare changes inthe composition of rochs
Granity decreases 1n places consisting of light rocks and -
creases where the rocks are heavy

Gravity 15 measured with special instruments called gravity
meters and the study of the changes in the force of gravi
ty 15 the subject of the science of gravimetry In recent
years this science has begun to play animportant role 1n help-

ing to solve major problems of geology Gravimetric maps
that reveal a rather close relationship between the force of

gravity and geological structure are compiled on the basis
of measurements of the force of gravity

Density of the Earth It hasbeen established that despite
the great differcnce 1n the density of individual component
rocks the density of the Earth's crust varies from 1 5t0 3 4
averaging 27 This 1s the density of the most widespread
rocks such as sandstone clay chalk lLimestone, granite,
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basalt, and so on The density of tho Earth as a whole, deter
mined by dividing 1ts velume by 1ts weight 15 5 52

The geophysicist Phulipp von Jolly was first to establish
the density of the Earth IHe obtained the value of 5 692
with a possible error of &+ 0068 The Earth's density has
subsequontly been determined at different points (in moun
taips mines and valleys) by mary investigators with ord:-
nary and torsion balances pendulums, plumbs and other
insiruments onlly shight deviations from the above average
density have been recorded

Since the density of the Earth averages 5 52 and the dens:
ty of the Earth s crust varies from 1 5to 3 3 1t 1s supposed
that 1n the centre of the Earth there are very heavy masses
with a density of not less than 12 which 15 roughly egual
to the density of lead

The approximate denstty of matter 1n the 1nterior of the
Earth at different depths has been established through a study
of the diffusion velocity of scisme oscillations At the
same time 1t has also been ascertained that the d:ffusion ve-
locity of seismic oscillations which as a rule 1ncreases
smoothly with depth undergoes sharp changes at certain
depths

The direction of seismic rays also changes sharply at these
depths where the rays refract and are even partially reflect
ed These sharp changes are observed at depths of from 5
to 70 kilometres Oncontinentsthey are observed at a great
or depth and 1n oceans—nearcrto the Earth » surface I'hese
are known as surfaces of the first order The first has been
named after Mohorovic the Czech scientist who discovered
it At 2 900 metres lonmtudinal waves refract with partic
ular sharpness while transsverse waves fade This s anindi-
cation that the physical properties of rock have undergone

sharp changes at 2 900 metres
The rate of dilfusion of longitudinal waves in the first depth

division 15 9565 km/sec then it increases abruptly to
8 kmyssee and further at 2 900 metres 1t reaches 1Ls maxi
mum of 13 6 kmysec alfter which 1t drops to 8 1 km/sec and

then gradually mses to 11 3 km/sec
On the basis of a study of earthquakes and a determina

tion of the mass and average density of tho Earth it isas
gumed that the Earth counststs of tho fellowing wnner shells
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(geospheres) which duffer from each other 1n composition
and condition of matter

{ The upper shell—known as the Earth s crust (litho
sphere) Its thickness on continents 1s from 30 to 40 kilom
etres under mountain ranges up to 70 klometres under
the Atlantic and Indian oceans from 10 to 15 kilometres, and
in the central part of the Pacific Ocean up to five kilometres
The composition of the upper parts of the hthosphere differs
from that of the lower deeper zones In the upper part of
the Lithosphere there 1s a predominance of oxygen (O), stlic-
um ($1) and aluminitum (Al) In the lower levels magne-
stum (Mg} supplants alumimum  The Farth's erust 1s
composed of rocks which are common on the surface The
density of these rochs does not exceed 3 4

2 The 1ntermediate shell (mantle) 1s believed to spread
to a depth of 2 850 2,900 Lilometres In the composition
of the upper part of the mantle Fe, S: and Mg play an 1impor-
tant role while Cr 1s of lesser 1mportance In view of this
the upper layer 1s called the crofestma The density of the
matter 1n 1t ranges from 4 to 5 Its depth varies from 1 200
to 1 200 kilometres Downwards 1n the composition of the
mantle an essential role1s played by N1 and the lower layer
of the mantle 15 therefore called the nifesima The density
of the matter 1n this layer varies from 5 to 6

3 The Larth s core within which an 1nner core 15 distin-
gumished The upper boundary of tho inner core lies pre-
sumably at a depth of 5 000 Lilometres It was previously
supposed that the core was composed of tron mckel and other
heavy metals, and was called nife At present 1t 1s
believed that the core differs from the overlying shells by
the state of the matter rather than by 1ts composition Un-
der the high pressure prevailing in the core, the matter,
which 18 of a silicate content, 15 1n & metalhised state This
means that under the influence of pressure the atoms were
Eamally destroyed and lost a certain quantity of their elec-
rons

There 1s another change i1n the physical properties of
maiter at the border of the 1nner core, i1t 13 not unlikely

that this change 1s hinked with the detachment of a still
greater number of electrons from

the atomic systems
The density of matter .

composing the core varies from 6 to
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12 This geosphere is also called the barysphere or heavy
sphere

Pressure grows very rapidly wath depth At a depth of one
Kilometre the prossure 18 27 atm at 70 hilometns 18 900
atm at 1 200 kilometn s 403 100 atm and at 2 900 hilome-
tres 1213 100 atm 1n the centre of the I arth the pressure i3
approximately 4 103 450 atm

Magnetic Properties of the Carth The I'arth possesses
magnetye propertics a fact that has been known to ancient
peoples who learned to use a compass A magnetic needle
was uscd for practical purpoeses forthe first time by the Clu
nese three thousand ycars ago In Turope the compass has
been it use since only tho twellth centnry and the study
of the Larth s magnetic propcrties began 1n fact at the end of
the cighteenth centuny

The Darth s magnetism 1s charactenised by two values
magnetic dechination and magpetic 1nclination

Magnetic declination 1s the angle between thoe direction of
the magnetic needle and the geographic meridian and can bo
castern or western It diflers at various points A Line on a
map Joiming poinis with the same magnetic declination 18
called ansogon (orinisogonic line} A zeroi1sogon of decling
tion 18 called a magnetic meridian Like the geographic me
ridians 1sogonic lines converge on one paint 10 the north and
south but these points do not coincide with tho geographic
poles the coordinates of the North Magnetic Polc are 70 5 3
N and 96 453 W and those of the South Marnetic Pole are
7506 Sand 154 8 I Vo cannot say defimtely why tho mag
netic poles do not coinctde with the geogriphic poles but i
15 presumed that this 15 due to the uneven distribution of
land and water

Magnetic inclhination 15 the angle of inchinration of the mag
netie needle towards the horizon 1n the Northern Hemi
sphere the north end of the needle 1nclines to the horizon and
i the Southern Hemisphere the south end 1inclines to the hor
zon Theinclinationvaries at different points The lines jJoin
ing pornts of equal inclination are called 1soclines (1socl
nal lines) The magmtude of 1nclination rncreases from the
equator towards the poles and reaches 1ts maximum at the
magnctic poles where the needle comes to rest ir a vertical
position Isoclines pass at a right angle to the 1sogons Tne
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erid of magnetic 1soclines and 1sogons thus does not cown
cide with the geographic grnid of latitudes and lonmtudes
The magmtudes of i1nchination and declination vary 1n
tyme ‘This includes diurnal annual periodical (at regular
interyvals lasting for a number of years) and secular varia-
tions These variations are apparently associated with the
Earth s position n relation to the Sun this position changes
1n the course of twenty fourhours yearsand centuries Some
se1entists behieve that the variations in the Earth s magnetic
propertics are due to changes in the state of the Sun
In some places of the Earth the direction of the isoclinic
and 1sogonic limes undergo defimte varmations which are
linked up with magnetic anomalies It has been ascertained
that magnetic anomalies are caused by large masses of mag-
netite {magnetic 1wron ore) or ferruginous rocks lying rela-
tively close to the surface of the Earth They can also be
caused by strong displacements—fractures in the Earth s
crust—which throw rocks with drifferent magnetic charac-
teristics 1mmto contact with each other
Inaddition to the magnetic declination and inclination, 1t
15 also important to determine the intensity of the geomagnetic
field which has different valuesin various places and changes
depending on the Earth s position 1n relation to the Sun
Parallel with regular diurnal variations of magnetic ele-
ments (inclination declination and intensity) sudden var
1at1ons of the magnetic necedle, going far beyond the limits
of diurnal vanations arc sometimes observed These vari-
ations of the necedle register disturbances i1n the geomagnet-
1¢ field called magnetic storms Magnetic storms are, as @
rule short-hived but they sometimes last for several days
A study of magnetic storms has shown that they either ac-

company volcanic ernptions arise with thunderstorms or are
linked up with earthquakes

hnowledge of the Earth 8 magnetic properties 1s utilised
1 geophysical prospecting for mineral deposits (magneto-
meiry) simultaneously with gravimetric and other methods

Thermal Properties of the Earth The Earth pos
sesses a defimite amount of heat external heat from the

Sun and internal heat from the Tarth s interior
The Earth receives an annual average of 10 large calo-
ries of heat from the Sun No two points on the Earth re
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celve the same amount of heat from the Sun because this
depends on the force of radiant epergy {1nsolation), and,
to a large extent on several other factors the uneven dis
tribution of land and water, which possess different heat
absorption and radiation capacities (tho differcnce between
a mantime and continental climate) the crustal rehef {lor
every 100 metres of elevation abovo sea level the tompera
ture drops by 0 5°) the deyvelopment of vegetation {an ab
sence of vegetation causes steep fluctuations 1n the soil tem
perature) and air and otean currents

It 1s nevertheless possible to establish points on the Earth s
surface with 1dentical mean annual or monthly tempera
tures Thrs cnables us to compile temperaturoe charts consist
1ng of 1sotherms—irregular cumes which diverge, some
times sery greatly Irom latitudingl lines

In the Northern Hemisphere the mean annual tempera
ture 15 15 5°C and 1n the Southern Hemisphere 3 6 C The
mean anntual temperature of individual points in each herm
sphere declines 1o the dircetion from the equator towards
the poles

The polar regions have a vuory low mean anneal tempera-
ture from —10 to —15 C and sometimes lower In these
regions the rock series with negative temperatures (perma
frost) arc of considerable thickness A temperature of ~3 7° G
was recorded at a depth of about 275 metres 1n the lower
course of the Ob River In some places permafrost reaches
down to a depth of more than 0D metres

When we obserie tho thermal properties of the upper Ievels
of the Earth we find that these levels are heated in sum
mer and cool 1n winter the temperature fluctuations are
stronger neat the Earth s surface where they sometimes are
as high a3 100 C Forexample 10 the deserts of Central Asta
ths summer temperature of the heated soil 18 higher than
©0 C while 1n winter it falls to —30 G or loner Howerer
with depth the temperature fluctuations decrcase and at &
certain depth they disappearentirely Thisisthe zone of con
stant annual temperatuns  In this zone the souf tempera
Luie i1s Equﬂl to tho mean annual temperatur pftho mir on the
Earth s surface Owerlying thes belt 1s the heliothermal zone
which cons: ts of strata of the Earth s crust that feel the n
fluence of radiant cnergy
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In vamous places the zone of constant temperatures 1s
situated at different depths This dependson the extreme val-
ues of the surface temperature and on the thermoconductiv-
ity of the rocks The more the temperature fluctuates and
the higher the thermoconductivity of the rocks the deeper
1s the zone of constant temperature situated In some places
this zone Lies at a level of one or two metres below the
Earth s surface and in the others abt depths of over 40 me-
tres In Pans forexample 1t lies at a depth of 28 metres, and
in Kirovograd at a depth of 19 2 metres

Below the belt of constant temperatures 1s the geothermal
zone, where the temperature regularly rises and depends
not on radiant energy but on heat from the interior of the
Earth

It 13 now comsidered that this heat 13 chiefly of radioactive
origin however from the standpoint of some cosmogon:-
cal hypotheses (those of Laplace Fesenkov and others) it
may also be explained as reliet (restdual) heat from the
astral stage of the Earth s development

The nse of temperature with depth 1s not the same at
different points of the ¥arth In the repions of attne or
extinct volcanoes the temperature rises very rapidly 4 C
with about every 4 O metres of depth In regions remote
from volcanic manifestations the temperature rises much

slower, averaging 1° G with every 33 metres of depth The
average depth 1n metres within the Earth s crust correspond-

1ng to an tncrease of one degree 1n temperature 1s cal!elzl the
geolthermic degree the increase 1n temperature 1n degrees per
100 metres of depth 1s called the geothermal gradient
Temperature readings have been taken in numerous dee
borcholes Diflerent temperatures have often been recnrdﬂg
at the same depth at various points As an example here

are the temperaturc readings from & deep borchole in the
North Caspian region

at 500 metres—42 2°
1,000 metres—55 2° G
1 500 metres—69 9° C
2 000 metres—80 4° C
2 500 metres—94 4° C
3 000 metres—1083 C

e
"
n
-
o
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A temperature of 41 C has been recorded 1in & deep bore
hole 1n Moscow at 1 630 metres while 1n the vicimity of
Tashkent a temperature of 55 C has been recormled at 900
metres In some Dborcholes reaching to a depth of three
hilometres and over a temperature of more than 100 C has
been recorded The geothermic degree win the upper strala
of the Earth scrust inthe US A sartes from 35 to 45 metres
in Western Europo from 28 to 30 metres mmthe USSR
from a few metres (for example n the Mineralnmiye Vody
arca) to a hundred metres The diflerences 1n the geothermic
degree are caused by the following

1} The different thermoconductivity of rocks the higher
the thermoconductivity of the rocks composing the Earth s
crust arca the smaller 1s the geothermic degree and yvice
\GrSa

2) The hydrochemical processes 1n the rochs One of these
processes 15 the interaction reaction between water and fer
rous sulphides (for i1nstance pyrite} which hberates large
amounts of heat

The nteraction reaction between water and sulphides
15 widespread 1n regions of o1l and coal fields because the
clays and limestones 1n these regions very often contain
large quantities of ferrous sulphides mn these arcas the
geothermic degree as a rule decreases accordingly For
example 1n the Grozny oilficlds the geothermrie degree
15 20 20 metres and 1n the Baku oilfields 1t 15 23 28
metres

3} The conditionsin which rocks cccur In folded bedding
where the beds dip steeply or are vertical the increase 1n
temperature with depth 15 much faster than 1n horizontal
beddings This 1s due to the nearness of the heat carrter beds
to the surface

4) The action of ground waters Streams of hot subterra
nean water heat the rochs and thereby decrcase the geo
thermic degree cold streams reduce the temperature of rochs
cven at relatively great depths

5) The action of surface waters Near an ocean or sea Lhe
peothermic degree will be higher and on the continent far
from bodies of water 1t will be lower because hupe masses
of water have a cooling cliect on the geothermal conditions

of the ama
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6) The concentration of radioactive elements 1n rocks
In areas with a high concentration of radiocactive clements
the heat liberated bv the decav of these elements causes the
geothermic degree to drop

Investigations of geothermal conditions of the Earth s
wntertor are of great practical ymportance The high tempera-
tures must be taken into account when tunnels deep pit
shafts and other underground projects are bmlt In many
cases 1n projects rmolving deep driving the temperature
has to be lowered artificially In other cases as in Italy
tho heat of the Earth s interior {vapours thermal springs
and so on) can be exploited commercially

Investigations of the temperature conditions 1n the Larth s
interior are of great theoretical interest as weil

Provided the pcothermic degree of 33 metres accepted
for the upper parts of the crust 1s maintained we can com
pute the temperature in decper zones at 33 kilometres the
temperature must be 1 000 G, at 50 hilometres-~-1 500 G
and at 66 kilometres—2 000 C

It 1s known that very many minerals and rocks melt at
such temperatures For wmmstance guartz melts at 1 700° G
felspars at 1 500 C olivine diabase at 1 150° C and flows
freely at 1 225° C basalt flows at 1 170 G Conseguently
at normal pressure all rochs should be 1n 2 molten state 1n
the lower part of the Larth s crust But the high pressure
(11 000 14 000 atm) at these depths Lheeps the rochs 1o g solid
plastic state

Below the crust the geothermic degree should increase
sharply because otherwise the temperature 1n the centre of
the Darth would be 193 060 C and the substance of the cor
and mantie would be 1n a ligud state Under these cond)-
tions the relatively thin erust could not remain sohd and
would melt as weil Hence 1t may be inferred that the
temperature 1n the bowels of the Earth 1s not higher than
3 500°4 000 C Taking i1nto consideration that there 15 a
prussure of 4 163 450 atm 1n thie Earth 8 core 1t 18 aseomed
that the substance composing the core and that of the mantle
15 10 a solid plastic state Tius conforms with astronomi-
cal and saismolomeal data

AL present it s eonsidered that the heat w arming the sohd
crust comes irom the decay of radioactive elements The gco
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logical processes 1n the sialic and partrally 1n the upper
layers of this zono are to a larpe extent, assocrated with thes
heat The substance which melts under the action of radioac
tive elements thus increases 1n volume and this may result
10 an eruption of the Iiquid mass

OUTLCR GEOSPHERLS OF TIIE EARTH

Among the outer geosphercs of the Earth there are three
shells a) a water emvelope (the hydrosphero) which 1s rep-
resented by the oceans, seas rivers and ground waters
b) a gascous or air envelope (the atmosphere) and ¢) a sphere
of life (the biosphere) which 15 ¢loscly connected with the
atmosphere the hydrospbere and the lithosphere All these
spheres are of great geological significance because they
are very mobile and play a big role in the transformations
that tahe place 1n the Earth s crust

THE ATMOSPILRE

Composition and Thickness of the Atmosphere
The atmosphere 1s the outermost sphere of our planct Nit
rogen (78 03 per cent) ovygen (20 99 per cent) argon (0 94
per cent) and carbon dioxide (0 03 per cent) predominate 1n
the lower layers of the atmosphere the share of all the other
gases comes to only G 01 per cent

The surface of the Lithosphere and hydrosphere 1s the
lower boundary of the atmosphere But for practical purposcs
the atmosphere extends for a cerfain distance into the hitho
sphere filling all 1ts hollows with the result that the compo
sition of the subsurface air changes considerably For exam
ple 1n the upper soil the amount of carbon dioxide rises to
06 per cent \With depth the amount of oxygen decreases
sharply, and there 18 practically ro oxygen 1n a free state at
a depth of about half a kilometre

It 1s harder to define the upper boundary of the atmosphere
Some scientists believe the atmosphere extends far 1 000 kil
ometres In the upper layers 1t gradually rarefies and mer
ges with 1nterplanetary space—this 1s what malkes 1t diffl
cult to define 1ts upper boundary



Certain natural phenomena enable us to make a fatr judg-
ment of the altitude of the atmosphere and of the properties
of its upper layers Silvery clouds, which =eem to consist
of fine luminescent fibres attracted the attentron of 1nvesti-
gators long ago Theso clouds are so transparent that the
stars are visible through them It has been established that
they lie at an altitude of 70 90 Lilometres and travel at a
velocity of 40 80 metres per second

White hot meteors jndicate that the atmosphere reaches
an altitude of 160 180 kilometres Auroral displays are
dispersed lights so fmnt as to be invisible by moonhght
They are generally scen at a hewght of 100 kilometres, and
sometimes even as high as 1 000 kilometres

The atmosphore 18 divided 1nto three concentric shells
1} the troposphere which adjoins the Lithosphere 2) the strat
osphere which follows the troposphere and 3) the 1omo-
sphere the upper shell

The Troposphere About 70 75 per cent of the atmosphere
falls to the share of the troposphere 1its average altitude
1S presumed to be ten Lkilometres But because of the
Earth s rotation and centrifugal force 1t 13 16 kilometres
hlglh at the equator and up to 10 kilometres high over the
poles

The features of the troposphere are 1) changeable moisture
content 2) extreme mobility of the air 1n horizontal and
vertical directtons sometimes accompamed by a wvertical
motion {cyclones and anticyclones), 3) a mean temperature
drop of 0 6° C per 100 kilometres of altitude from the sur
face of the hydrosphere or lithosphere In this connection at
the cuter hmit of the troposphere the temperature over the
equator falls to —80° C and the mean temperature 1n this
part of the troposphere 18 —55 C

Owing to 1ts changeable content the mosture condenses
to the state of clouds, rainorsnow or 1s present 1n the trop
osphere 1n minute quantities The maximum amount of
vaporous moisture a cubic metre of air can actually contain
depends on 1ts temperature For instance at 0° G a cubic
metre of air can contain 4 5 grams of water vapour, and at
20 G up Lo 23 frams

Among the air gases oxygon 13 of special 1mportance
The oxygen mitrogen ratio 1n the troposphere 13 most fa-
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vourable for organic processes VWhen there is an increase
of oxygen in the air the oxidation of organic matter 1n an
orgrmism proceeds  with grecater intensity when the
ng,gﬂn content decrcascs the process of ovidation slows

oW D

Changes of tho nitrogen content 1n the air has no important
beartng on orgame processes In the upper layers of the at-
mosphere the amount of mtrogen 1increases and that of oxy
gen decroases

The content of carbon dioxide 1n the air 13 more change
ablc than that of oxygen and mitrogen Carbon dioxide accu
mulates 1n the air as a result of the oxtdation processes 1n
the outer spheres of the Earth and inthe so1]l and also through
emssion  from volcaroes mperal springs and so on
Among air gases carbon dioxide 15 the heaviest and theroe 1s
therefore more of 1t 1n the lower layers of the troposphere
This gas 1s unevenly distmbuted 1n the horizontal direction
as well For example there 1s almost twice as much of 1t
over volcamic regions towns and i1ndustrial districts than
over occans and the polar regions Carbon dioxide 1s very
important it 18 the basic material for the nutrition of plants
Morecover 1t 15 1 thermal i1nsulator which tends to pruvent
the Earth s heat from being radiated into outer space It 15
beheved that if carbon diovade were to disappear from the
tropospherc the mean annual temperature of the air over the
Earth would drop by 21 C from the present 14 C ard that
\f the amount of carbon dioxade were to double the mcan tem
perature would mise by 4 C

The troposphere contains a large amount of dust On
the average there are 250 000 of dust like particles in a cu
bic centimetre of air Dust mses when the wind blows dry
particles of mineral matter and sea spray from the surface
of the Earth 1t also forms 1n the process of the combus
tion of wood coal and meteorites and during the cruption
of valcanoes Spores bacterta and other minute organisms
are often essentral elements of atmospheric dust The amount
of dust 1n the troposphere s naturally much greater over
continents than over <cas 1t 1s greater over arid regions
than over the regions wath abundant morsture and densc vege
tation the amount of dust over areas covered by smow
drops to @ mummum Dust dims the troposphere and shight
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ly weahkens the imsolation of the Earth’s surface Minutc
dust particles are possibly nuclel, or centres around which
water vapour condenses to produce clouds fog, frost dew,
rain snow and hal

The Stratosphere The troposphere 18 enveloped by the
stratosphere Between these two shells there 1s a one or two
hlometre thich 1ntermediate layer wilich 18 sometimes
called the substratosphere The stratosphere difiers from the
troposphere in that 1n 1t we observe air masses moving ex
clusively 1in a horizontal darection Stratospheric air has
zero humidity and consequently there are no clouds
As far as the temperature conditions in the stratosphere are
concerned, a constant temperature i1s observed up to an
altitude of about 25 kilometres above this zone the tempera-
ture continuously rnses At 10 250 kilometres it 1s approxi-
mately —25° (, at 40 halometres--0°, and at 70 hilometres—
about 35° C

[t 1s believed that 1n the stratosphere, at an altitude
of 15 to 35 hilometres therc 1s a concentration of ozone
a very small amount of which 1s found 1n the troposphere
The mayor portion of ozone roughly 20 per cent 1S concen~
trated 1n tho stratosphere at an altitude of 25 to 30 lilo~
metres

The Ienosphere The 1onosphere begins at an altitude of
70 80 kilometres After studyipg the spectre of the Polar
Laghts the light of meteonites passing through the 10mno
sphere and other phenomena, scientists have come to the
concluston that due to the action of ultra violet and cosmaic
rays the air 1n these layers of the atmosphere 15 10msed
The more the mr s 10msed the greater 15 118 electrical con-
ductivity The degree of ionisation 1s different 1n the vartous
levels of the 1onosphere 'Two lonisation maxima are 1dentl
lled 1) the hennelly-Heavyside layer at an altitude of 100
hilometres and 2) the Appleton layer at an altitude of 250
kilometpes

The processes 1n the stratosphere and ionosphere haye
heen very Inadequately studied, but there are grounds for
beheving that they strongly influence terrestrial magne-
lism the Earth s eleetnic fold and so on A study of the

tgh Iayers of the atmesphere 18 thercfore of particular 1n
terest from the geophysical pownt of wview
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In addition to oxygen and mtrogen, a considerable amount
of helium appecars 10 the composition of the atmosphere
beginning at an altitude of 75 illﬂmetmﬂ A great amount
of hydrogen 1s found 1n the level beginning at an altitude of
00 kilometres while 1n the level beginming at an altitude of
about 140 kilometres the atmosphere conststs enptirely of
helium and hydrogen The hydrogen content in the atmo-

sphere tncreases to 90 92 per cent at an altitude of about
000 kilometres

Dynamics of the Troposphere As a result of the con
tinuous movement of air 1n the troposphere the relative com
position of gasesinit1s nearly constant Thiscontinuous move
ment 15 due to the different temperature and atmospheric
pressure at various points of the Earth s surface caused by
solar radiation

The transformation of radiant solar energy i1nto thermal
energ) 1s a very complex process The most important fac-
tor influencing thermal processes on the Earth 13 the angle
of 1incidence of the solar rays 1o difflerent parts of the Earth s
surface This angle depends on the relief of the Larth s sur
face and on the seasonal changes The distribution of solar
¢nergy ts further comphicated by the fact that it takes place
not only on the Earth s surface but also within the tropo
sphere whose thermal conductivity 13 as we now know 1n

constant

Air movement leads to a heat exchange between the
high and low latitudes of the Earth and between the differ
ent layers of the troposphere Gencrally aiwr moves from
high to low pressurc regions Several factors are respon
stble for atmospheric pressure variations on the Larth and
for the dircction 1 which airr {winds) moves

The prineipal factor 1s the unequal heating of the Earth s
surface and the transler of this heat te the arr Heat
causes air to expand makin, 1t lhghter and thus giving
it a tendency to rmiso over the heated surface of the

Earth :
But havine risen to a high altitude 1n one area it g ~ 7= |

Iy cools and grows heavier e result that 1t °
move back towards the s Earth This
to circulation wa air s while ¢

scends to the B { rrzontal m



which we call a wind As we have already stated air
moies from regions of high pressure to regions of low pres
sure and the greater the difference 1n pressure the faster
this movement becomes At times the air moves hornizontally
over large territories

There are winds of a planetary scale which manifest them-
selves over vast areas of the Earth and are characterised e-
ther by a constancy of direction {trade winds) or by direc-
tions that change with the season (monsoons) and local winds

blowing over limited areas—the Central Astan Afghan
and the North Caucaslan Bora”™ for example

boreover winds may

1 originate 1n  dafferent

pork o e areas 2s a resut Ob 2
8T temporary change 1n

‘xﬁ‘ﬁ / PR atmospheric conditions

P L t ¥ - Cyclones and Anticy

{2& \ \L T E clones lTherEs aref WI;D
—~—— 3 \ M e 2 —= principal types oI the
est = \ -PTESSHE N FEE”“ 511' mn::]r;}% emefllzs cyclome

= el B 3 and anticyclonic

Ve =” : Lﬁf“{’ Cyclones are masses of

%, e air circulatipg (1n the
suutgﬂ:r;terfy Northern Hemisphere) 1n

t a counter clockwise di

rection the minimum air
Fig 3 Diaoram pressure 13 observed in
; ngtrhem ﬂfie?mgil;f 'n the the centre of these
rotating masses of air
{Fig 3) Anucyclones
are masses of air circulating {1n the Northern Hemisphere)
In & clochwise direction wath the highest air pressure 1n
their centre In a mass of sir moving 1 a cvelonic pat
tern the atmospheric pressure thusgradually increases from
the centre towards the peripbery while in anticyclonic air
masses the pressure gradually drops from the centre towards
the periphery
A cyclone generally moves at a high progressive speed
of several score of metres per second As a cyclone with a
progressive speed of 70 metres per second (or 260 Lilome
tres per hour) passes overthe .ea i1t churns up the water and
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tears «pray« from it with the result that a rutating pillar
of watir forms in the centn of the mosing eyelone Decause
of thiir very high selocity  cycelones give riee to waves
atl currents that ot times cause goat destrucljon For exam
ple asa rosult of the eyelonic activity of nle masqainn west
erly dinction then have Iwen dittrous floods in the
mouth of the river dva which draine into the Gulf of Fin
Iand Since 1707 the yoar Leningry] was founded the water
in the Neva hias risen above 1ts normal level mon than 300
times | specinlly big floods win neconted in 1777 (when the
watcr ros¢ by 3 3 metreq) an 1624 (3 58 metne) and 1n 192,
(362 metns) At these levels the water flogded up to 65
square hilometres of the caty

Other littornl anas hinve also beent the sceno of desastal
ing floods causad by cyclones In 1932 the town of Santa
Cruz Cubr wasdestroyud by gale whipped waves aml near
Iy 2400 people punshed In 1737 an the Bay of Bengal
a f{lood caused 1n the mouth of tho Hug{; River Iy
gale wasves taok a toll of 3000 lives aver 50 thouernd
Iives were lost tn the flood of 1864 tn the syme arca Floods
of this nature an cepecially termfying when the water
moving with the ¢ydlone getsinto a bay a river mouth or
some pther narrow space

Tropical cyclones have been khnown to trapsport rather
lieavy objects over consuderablo thistances kor example n
1831 a piece of lead werglung about o hilograms was trans
orted on Barbados over n distance of half a kilometre In

780 on the samo 1sland =« stono fort was destroyed by &
hurricano and htavy ecinnons were carried dozens of metres
Cascs have been recorded of loaded railway ears being de
ratledd by cyclones and ships torn f{rom anchor amdl cast

ashiore
In temperate latitudes cyclones move at a lesser speed

but 1n these arcas as well therr force 15 often considerable
A umgue ran” of silver coins minted n the sixteenth
seventeenth century fell from the sky during a violent thun
der storm accompanied by hurricane winds and hail 1n the
vicituty of Meshchera village Gorky Region the USSR
The cyclone must have rooted out a treasure trove and
carried away the light silver coins (this case has been de

scibed by S halesnik)
g+



Precipitation Before water vapours can condense in the
atmosphere, they require the cormsponding humidity {100
per cent) and the presence of condensation nucler Ihese
nucler are particles of dust [loating 1in the troposphere
When mowsture condenses clouds appear 1n the atmosphere,
and any disturbance in the equiltbrium of the moisture 1n
the clouds leads to precipitation in various forms

The amount of precipitation for amy particular period
of time 1s measured by the layer (in millimetres) of water,
which would have formed on the Earth s surface 1f the wa
ter had not ceeped 1mto the soil, evaporated or flowed 1nto
a lower-lying area Moscow has a mean annual precipitation
of 586 millimetres

Precipitation 1s distributed very umevenly over the
Earth as a whole In some regions it 1s insignificant, 1n the
deserts around the Aral Sea, for example, the annual precip-
itation sometimes approaches zcro, and the total precipt-
tation overa period of many years does not exceed 130 200
millimetres a year In other places precipitation 1s more
abundant, 1n the Batumi area the Caucasus for instance
the mean annual precipitation reaches 2,400 mm

Obscrvations show that precipitation depends first and
foremost on the proximity of the area converned to the sea
Some maritime regions however have very hitle precipa
tation as for example the Thar Desert 1n India over
which masses of air sweep without rainfall, but on reaching
the windward slopes of the Himalaya foothills they cause
enormous precipitation (12 500 millimetres a year)

Weather and Climate In every area and at any partic
ular moment the air temperature 1ts pressure relative
and absolute humidity*, cloudiness and so on change rath-

er quickly This changeable state of the meteorological
elements of the atmosphere 13 known as weather

The weather 15 the state of climatic factors 1n a given
area and at a given moment At one and the same moment

* The absolute humsdity i3 the mass of water vapour 1n a cubic

metre of awr It 13 measured 1n grams or according to the elasticily
of water vapour 1n a milimetre of Hg pressure

Relative humidity 1s the ratio of the actnal amount of waler va

pourin a given volume of air to the amount which would be present 1f
the 2ir nere to be saturated without 4oy chauge i temperature
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tho weather may be different tn various places In one and
the <ame arca the weather often changes in the course of
a few hours

In contrast to tlhus the change 1n the average state of
the chimatic factors over many years 1s called the climate
Tho climate 13 moro constant than the weather but over
a long period of time 1t also undergoes variations

Tho principal factors controlling the climate are the
geographic latitude tho distribution of land and water
the topography characteristics of the prevailing air mass
the vegetative cover and lastly the activity of man who
rcmakes the ivegetative cover and soils bumlds g cities
water reservolrs and so on

In the USSR the climate of the territores in the
temmperate and polar latitudes may be grouped as follows

1 Sea polar air whose fcatures are a high humidits
the whole year round relatively heavy precipitation and
even distribution of this precipitation |he mean annual
temperature 15 approximately 7 10 C with an annual amplh
tude of 6 14 C The winter 1s relatively warm and the sum
mer 18 cool Thisclimatic zone embraces the north western end
of the Soviet Union (h ola Peninsula and the Murmansh coast)

2 Transforming sea polar arr which 1s also character
ised by relatively heavy precipitation the whole year
round but with a notable increase in the month of July The
mean annual temperature 1s 9 € with an annual amplitude
of about 20 C The entire western half of the European part
of the USSR lies in this ¢chimatic zone

3 Continental polar air The mean annval temperature
15 about 1 Cwith an annual amplitude of 39° C The winter
15 severe and the summer hot there 1s httle precipitation,
the maximum being confined to the summer months This
chimate s typical for the major part of the USSR

4 Monsoon climate of the temperate latitudes This
climate prevails in the Far East Its features are cold con
tinental polar air 1o winter and sea polar alr 1n summer
The summers are rainy and moderately warm Tho mean
annual tEIﬂpEI‘ﬂLuI‘E 15 02 C with an annual amphtude of
20 34 G

o Subpolar zone Here polar arr prevails 1n summer
and Arctic air 1n winter
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0 Polar zone Arctic air predominates all the year round
Annual precipitation does not cxceed 200 300 milhhmetres

The chmate as all phenomena in nature, gradually
changes It has so to say its own hustory, wlich 18 linked
up with the history of our planet There are many facts to
show that the chimate changes sharply In the USSR
such facts have been collected by M Bogolepov who showed
the rhythmic character of the changes from damp to
dry periods and wvice versa There have been very sharp
changes 1n the climate of the Arctic 1n the past 10 20 years
The mean annual temperature during this period rose in
Spitsbergen by 2 C, in Greenland by 2 5° G, in Franz Josef
Land by 35 C whle below the Arctic 1t rose in {(Lenmmn
erad for instance) by only1°C The weather grew warmer
chiefly through a m+e of winter and autumn temperatures
the ﬁprmg and summer temperatures did not increase as
muc

Interesting temperature changes were recorded during
the drifts of the Fram (1894 95) and the Sedov (1938 39)
In the course of a period of 44 years the mean annual tem
perature 1n the Barents Sea rose by 6°C This brought about
esgential changes in the outlines of some 18lands }or exam-
ple Vasilievshy Island in the Laptev Seca consisting of
frozen sandy argillaceous rocks and marked on the map
of 1912 melted away and by 1936 only a sand bank remained
in 1t8 place Some of the adjacent 1slands grew shorter
Semenoysky Island which was 15 kilometres long 1n 1823,
shortened down to five kilametres by 1912 and to two kilo
metres by 1936 The rise 1n temperature also affected ma
rine fauna and flora For instance during this pertod cod
appeared for the first Limme m commercial gquantities off the
coast of Spitshergen and Norway
Fossil soils mdicate that there have been climatic changes

in the geological past The tropical lateritic soils of the
Amur region over which lLie podsolic and boggy soils that
formed during the present cold climate are an example
Climatic conditions leave their mark on the relief as well
For 1nstance an indication of the former giaciation of an
arca is the pattern of the valleys in 1t roches moutonnees
sheep back rocks and other (small) forms of relief whose
origin 1s due to the action of inland 1ce, also exemplify this

a7
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Anlmal aml plant fossile aleo iHe trate the nature of
the climate The nmaine of oplar nut tne hornbeam anl
oak have Peen idontified in ancient depaxits on the north
chore of the Aral Sea These plante whieh coul! not have
(x1steqd in de ort copditions poinl oul In the nalure of
the forsts in thiy region in ancient time+ The juniper
15 the only comlor growing in Creonlan ln-ln} hut mon
than 28 =pecies of loetiary plants  dnclu liag june treee
cypns e and dectduous trees (hay teces magnolins oaks
amd othir species of lhprmnphihc plants) hase been fdontd
ficd among fosal rummns Thermophilic plants (bay trees
magnoline and o on) hasve al#o been foun! in the Tertiar
ands and s~and tones of the ann aronn | Voscon

Iatly the rock structurc illustrates the climatic con
ditiond of the remote geological past We know a whole
ceried of deposite that an typical of the regions embraced
by continental glicintion for cxample boulder clay which
repre cnts glacial murnipe deposits varved claye outwash
sands and <0 on® In Jt (2 rmons we Hod rocks with a
sttrface coating of “do ort vormish™ Coals ace an indication
of a warm and humid imate

Geologr ta thus have at their disposal  facts that give
them an wdea of the climates of the geological past

THI I1YDROSI I I

[ and and scas are distrthuted sery irregularly on tho
LCarth s surlace The surface of our planct has a total arca
of about u10 V00 000 squarc Atlometres of which 361 000 000
square hilometrcs (71 per cent) are occupied by scas and
149 000 000 ~quare Milometres (29 pur ecnt) by land The
water arca 19 thus about 25 times iggee than tho land
aren Iowever 1t should be borne in mund that tho averago
thickness of the hydrospliere 1n comparison with the thick
ness of the Dthospliere and all the more 1ts volume 1n
comparison with tho volumo of the whole planct are ex
tremely small Theaverage depth of the oceanisabout 3 7 hil

| S —

* More detailed information on glacial deposits can bo found n
tho chapter Srnow and [ce as Geological Agents
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ometres, which 15 equal to about 1 {,600 of the mean ter-
restrial radius while the ratio of the volume of water in
the ocean to the volume of the planet as a whole 18 approx-
imately 1 8 000

Land 18 concentrated mainly 1n the Northern Hemisphere,
where 1t occupies 39 per cent of the surface i1 the South-
ern Hemisphere only 19 per cent of the surface 1s occupied
by land This distribution of land and seas has brought a
number of vitally important factors to the fore, one of
them 1s the chimatic characteristic of the continents

The World Qcean and Its Dirisions The water surface
of our planet called the oceame surface, 15 gonerally con-
sidered as a common surface Y M Sholalshy named 1t the
World Ocean In the World Ocean we can identify separate
parts each of which has, to some degree, 1ts own water tem-
perature salimity, sea currcnts and conditions of glacia-
tion Tahking these features into consideration we distin-
guish 1n the World Ocean the Atlantic Ocean the Pacific
(or Great) Ocean and the Indian Ocean

The Atlantic Ocean with all 1ts seas occupies an area of
93,400 000 square kilometres It 1s hordered in the east by
the coasts of Europe and Africa, 1n the west by the coast of
America and 1n the south by the coast of the Antarctic con-
tinent Within the water surface, the boundaries of the At-
lantic Ocean are defined by the merndian of Cape Horn 1n
tho west and by the meridian of Cape Agulhas in the east

The Pacific Ocean has an area of 179 700 000 square
Lilometres In the east 1t 1s bordered by the coast of Amer
1ca and by the mendian of Cape Horn in the south by
the Antarctic continent and i1n the west by the coast of
Asia Along the line formed by Sumatra and the islands
located farther south the boundaries of the Pacific and
Indianr oceans are contiguous

The Indian Ocean occupies an area of 74,900 000 square
hilometres It 1s bordered in the north by Asia, 1n the west

by Aimea, by the mendian of Cape Agulhas in the east
and by the west coast of Sumatra Java Australia and Tas
mama and the meridian of South Cape inthe wost Its south
ern boundary 1s the coast of the Antarctic continent

The Arctic Ocean 18 also i1ncluded 1n the group of oceans
It occupies a surface of 13,100 000 square kilometres This
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small ocean is honlered by (he northern <hopes of [ urope
Asia and Amertea The Arctle Circle is genrerally accopted
nd its boundary with the Atlantic Ocean

Jeas In siew of the fact that tho continents have a ven
complex outline and an extremely jagped <hore line the
occan occntionally ents very deep inland This has led to
the rise of outlying divisions of the ocenan whicli are com
monly called  ens (the Black Sca tlie Sen of Marmorn
lln;.* Arabian Sen the Sea of Japan the Bering Sea and o
on

Of the seas hinhed up with the ocean there are inland
and marginal seas The first cut decp inland are situnted
between two or several continemls eand occasionally have
onc or <cyeral narrow branches many of these cas are char-
aclerised by great depth The deepest among them 1s the
Mediterrancan Sea wlich is situated between Africa I urope
and Asta and has two branches—the Sea of Marmora and
the Dlack Sea The Red Sin «ituated between Africa and
Asia 15 of the inland typo

Marpinal <cas are sections of the submerged continental
shelf Examples of such <cas are the Sea of Okhotel, tho
Bering Sea and the North Sca Some marginal seas also cut
decp 1into the continents where they form inland basins
the White and the Baltic <eas for 1nstance

World Geean ! loor Tho orcan does not have an eyven
floor in <ome cases the arregulantics are very consider-
ablo and form a very complox relief The best examplo of
this 15 tho Atlantic Bnﬂn A submarine ridge 1n the shape
of the letter S 15 hnown to exist on its floor Tlhs nidgo
extends from north to south 1n a narrow stnp tn almost the
middle of tliec ocean The shallowest arcas are 1n the north

ern part of the Atlantic Ocecan between Ircland and Lab
rador thero the averago depth 13 about 2 500-3 000 metres
Numerous telegraph cables between North America and
Eurape lic on the floor precisely n tlus part of the occan,
whenee 1t recenved the name telegraph platean”

The outhine of tho submerged ridge repeats the contours
of both Narth and South Americas on the one hand anpd tho
contours of Africa and Lurope on the other In some places
the ridge rises over to a considerable height the floor com
ing close to the water surface 1n the central part Here the
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rated from cach other by groups of 1slands Here the broad
o<t shallow embracing the Barents hara Laptev Eact
Siberian and Chulotha seas stretches from the Euraian
coast to thie central part of the ocean The depth of the
<haliow does not as a rule exeeed 25 50 metres

Along the coast of America especially north of Alasha
the shallow 1s narrower In this area there 15 a large number
of big and small 1clands separated by a labyrinth of narrow
straits

The central part of the Arctic Ocean 15 occupied by a
decp trough (over 3 000 metres) near the North Pole 1t 1s
4 290 metres and farther south 4 000-5 000 metres deep
The deepest point 1n the Arctic Ocean measures 5 182 metres
The Lomonosoy Ridge 1s in the Arctic Qcean and its con
figuration and position are being studied by Sovict Arctic
ctations

Chemical Compostiion and Physical Properties of the Wa
ters of the VWorld Ocean Practically everywhere the ocean
e waters bave an identical chemical composition their
salintty averages 3 o per cent or 35%, (per mile) 1¢
35 grams of different salts are dissolved in a litre of water
The salt content 1s higher 1o 1nland seas where there 15 no
inflon of fresh water and evaporation is intense 1n the
Red Sca for example the water has a salimty of 4 2 per
cent Wkhkere <ca water 1s diluted with fresh river water
salimity appreciably drops 1n the Baltic Sea and 1n the
Sea of Azov for example the water has a salimty of only
{12 per cent Near the mouths of big rivers flowing to
the sea the waler 1s almost fresh as for instance 1n the
mouth of the Nesa River 1n the eastern part of the Gulf
of Finland On the other hand 1n somo inland basins ha
ra Bogaz Gol for example =alimity reaches a concentra
tron point at wlich salt begins to preciptate from the solu
10N
Sodium chloride predomrnates (78 32 per cent) 1n the
composition of <ca water then follow magnesium chlonde
(9 4% per cent) magnestum sulphate (6 4 per cent) calcium
ulphate (3 91 per cent) potassium sulphate (1 6 per cent)
calcium carbonate {0 0. per cent) and silica (0009 per
cent) Bronuere jodine mangancse zine lead copper and
gold have been found n minute amounts However some of
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those clements are of great biological mmportance 1odine
15 asstmilated by certain algac and copper by certain mol-
lusks Jodine 1s produced from algac 1n large quantities
but 1ts extraction directly from sea water would be a matter
of considerable difficulty

Sea water also contains gases Ehll‘:ﬂ} 0Xy gen and carbon
dioxide, ammomia occurs frequently In seas, where the
yun off into the ocean 13 hindered, as in the Black Sea ior
E*{ﬂmple where the outflow 1s barred by tho BﬂEpﬂI‘UE sub-
merged s1ll hydrogen sulphide aceumulates on the bottom
1t 18 a product of the decomposition of organic remains and
the transformation of sulphurous compounds In the Black
Sea for example, at a depth of 183 metres the water 18
so saturated with hydrogen sulphide that no orgamec life 1s
possible Only ceitain species of bacteria can exist 1n these
conditions

The surface temperature of oceanic water depends on the
geographic latitude and the season and varies from —3°C
in winter at the poles to -+32 C in summer at the cquator
The mean annual temperature of the ocean surfaco 15 17 4°C
and 1n the lower layers of the atmosphere round the Earth
the mean temperature 18 14 4°CG The hydrosphere 1s, con-
sequently a powerful source of thermal energy for the
Earth s atmosphere The warm surface layer of water as
temperature readings show 1s relatnvely thin 100 150 met-
res The temperature of water decreases wath depth At
a depth of 750-1 100 metres its temperature is 4 C while
near the ocean floor the temperature vames from —2 C
(in the polar regions) up to 2 G In land-locked seas the
temperature of deep water 15 higher 1n the Mediterranean,
for example 1t 1s 42 G at a depth of 2 500 metres

The density of water in the ocean varies from 1 0275
1n the region of the trade winds where there 15 1ntensive
evaporation to 1 255 1in the region of the doldrums and thoe
belt of heavy rainfall (along the equator), as well as at
the poles From the surface downwards to a depth of about.
200 metres the density of water increases and has a salini
ty of 37 grams per hitre farther down to a depth of 1,800
metres calimty gradually decreases and near the bottom

1t slightly 1ncreases again A change 1n the density of water
1s accompanied by a change of 1ts salimity
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The pressure of sea water mcrcases by one atmosphere
per 10 metres of depth with the result that in the deep
troughs 1t 15 more than 1 000 atmospheres Pressure plays
an 1mportant role 1n the distributron of marine life

Suniight penetrates into water Lo a depth of about 200
motres  With photofilms, semsitive to chromatic rays
of the spectrum, 1t has been established that ultra red rays
do not penetrate decper than 400 metres and that ultra
violet rays act upon photelilms even at a depth of 800 me
tres Since plantsrequiresunhight their occurrence 1s mainly
rostricted to depths of up to 200 metres which are typrcal
for the shallow seas arourd the continental shelves

The waters of the World Ocean arc 1n constant movement
as o result of wind action and the attractien of the Moon
and Sun Moreover 1n the hydrosphere therc are what aro
lnown as run off and compensation currents which can
scarcely be seen by the human eye The former are can ed
by the changes 1n atmospheric pressure m different parts
of the ocean the latter are the result of evaporation fluctua
t1ons of the water temperature precipitation and the melt
ing of pelar 1ce

Winds set waves 1n motion The height of wind waves
depends on the strength of the wind the duration of its
action and the depth of the sea Small waves are 10 15
times longer than their own height and billows that reach
a height of 15 metres 1n the open sea are 30 40 times as long
as they are high The gradient angle of waves ts from 2 8
to 57 Wave motion 1s oscillatory with cach particle of
water rotating about 1ts axis rising over the wave crest
and then dropping This can be very clearly seen during a
swell when the sea 1s still heavy but the wind has fallen
a boat rolls and pitches but moves only to the next wave
crest
A strong continucd breeze brings wave crests together
blows white caps oft their surface and throws floating ob
jects from one wave to anothier The disturbance of the sur
face water 1s tran.miticd downward but even billows die
away at a depth of about 200 metres the height of waves
decreases 1n geometrical progression with depth

Complex transformations of sca waves causced by the
proxamaty of thie ea botterm and by collizions between on
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cominig and reflecied waies (breakers) are observed ofl-
shore <hallow waters As waves approach a horo they swash
or break agamnst 1t The shock stress of a swash pounding
against the beach 18 otcasionally (in the Black Sea) as high
as 60 tons per <quare metre 1ins accounts for the gradual
wearing away of the sea shore This phenomenon 1s of vast
geological 1mportance and 13 hnown as marine crosion or
wave abrasion

Conetantly blowing winds (trade winds and monsoons)
cause a movement of water hnown as sea currents One of
the most powerful of the sea currents in the Altantic Ocean 13
called the Guif Stream This current oniginates 1n the equa
torial part of the Atlantic under tho action of tho north
trade winds Thiswind blow:ng from north tosouth as a result
of tho Larth s rotation approaches the equator at an angle
of 45° Gaspard Gustave de Coriolis establishied a law un
der which the action of the wind on an aqueous medium
(Water masses) of the ocean starts an east west current along
the equator Near the coast of South America tho current 18
deflected 1nto a northern direction and farther as 1t
emerges from the Gulf of Mexico, 1t turns to the
north-east.

The Gulf Stream 1s a cofossal river in water banks It has
18 maximum width of 275 kilometres off Flornda It 1s
more than 300 metres deep and hns a rate of flow of three
metres per second (for tho sake of comparison let us recall
that 1n flood time the rate of flow n the Volga 13 less than
three metres per second)

The Gulf Stream 13 of enormous 1mportance as a distrib
utor of warm waters brought from the south, and as a means
of making the climate of the northern coast of Lurope milder

us, thanks to the Gulf Stream the port of Murmansk does
Dot freeze in winter whereas the port of Lemingrad whnch
15 about 1000 kilometres farther south, 1s 1ce bound for
fivo months EVvCry year

A sumtlarly warm current the Ruroshio passes 1n the
Pacific Ocean south of the hunl Islands The north and
north west winds blowing from the cast coast of the north
"31‘15 conuinents give rise to the cold Greenland and Lab

Tador currcnts in the Atlantic and to the Califormia current
I the Pacific
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There are rather strong sea currents between 1nland seas
as well these currents owe their rise to a differenco 1n water
levels Thus fresh water flows along the surface from the
Black Sea through the <hallow Bosporus into the Sea of Mar
mora while salt water flows 1mn the roverse dircction along
the bottom from the Sca of Marmora into the Black Sea
There are similar currents between the Mediterranean Sea
and the ocean between the North and Baltic seas, and 50 on

Due to the differential attraction of the Moon and the
Sun there are tides along the shore The<e phenomena are
due chiefly to thoe attraction of the Moon which s the near
cst celestial body to the Earth the attraction of the Sun
15 only an additional factor Tides change twice a lunar
day

The dynamics of tides are visualised as follows The
Earth s hydrospherc 1s influenced by the action of two
forces a centripetal force which binds the hydrosphere to
our planct, and a centrifugal force which strives to tear
it anay from the Earth s surface Under the attraction of
the Moon tho hydrosphere 1s drawn from the Larth s sur
face 1n the dircction of the Moon Dut the latter rotates
about the Earth and consequently tries to carry away the
drawn off surface of the hydrosphere

Let us imagine a scction of the globe across the equa
tor and the Moon on a prolongation of its equatorial radius
travelling 1n an anti clochkwise direction Attracted by the
Moon the hydrosphere 1s drawn towards the Meon (tide)
The rise of the hydrosphere due to the action of the centri
fugat force 15 observed at the same time at the opposite
side of the circle (also tide but fainter}

Cbb tides are observed on the ends of a diameter which
13 perpendicular to the first diameter As the Moon rotates
the e two tides and ebb tides also sinft their position and
because of this the tides and ebb tides altermate twice at
cach point of the circle 1n the course of twenty four hours
Tides coincide with the passage of the Moon through the
mendian of a given point  while ebb tides coincide with

the Moon s rnise and =sctting
A solar tide 13 2 b times lower than a lunar tide VWhen

the Sun and Moon are aligned on one side of the Larth
therr tidal forces combine and unusually ngh tides resull
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Similarly, when the tidal forces of the Moon and Sun are at
a night angle to each other and henco opposed the tides aro
reduced to their lonest level

Tides reach their maximum height 1n equatorial regions—
i the tropies and subtropies, northward and southward
irom the equator thetr height decreaces On mud ocean 18
lands a tidal wave 18 never lmgher than 25 metres but
along continents 1t may reach a considerable height espe
cialiy when 1t crowds into a narrow bay or strut Thus
m the Strants of Mageilan tades reach a hewghy of 18 metres
and in the Bay of Fundy Canada they mise as high as
21 5 metres Tides rise higher than normal during a favour-
able wind In the USSR the Inghest tides oceur 1n the
nech of the White Sea and 1n the Penzhina Bay 1n the Sea
of Okhotsh, where they reach the ten metre mark

Lafes On thc continents the hydrosphere 15 represented

by lakes, rivers and ground waters In the Soviet Umon
the largest lakes are

Tt o [T
1 000 leonn Tey

"; { mef?eg?m _{méliﬂl w_{ar‘l;:ﬂel:t rl:;;:l
. — t — .
Caspian Sia 423 | 97, —28
Aral Sea t 63 8 (8 + 66
[ ake Baikal 31 G 1 74 | 456
Lake Ladoga - 18 4 230 | +4
Lake Balkhash | 17 4 26 5| 35
Lake Onega 96 120 | 433

.. i

Lakes arc natural water filled inland depressions or res
ervoirs of various omgin  which have arisen a) as a result
of the action of the Earth s internal forces—subsidenees
(Lake Baikal [ssyk hul and others) cxplosions during
volcam eruptions (crater lahes—Lake Kronotshoye 1 ham
chatka for cxample), b) as a result of the action of external
forces—glacial scourng (Lake Ladoga) and rock falls that
blocked up nver valleys (Lake Sarez and Yashvl Khul 1o
the Pamirs}—and the action of ground Watcers (cave or
sink lakes—the hungur Lakes for cxample) thers are

also man made artificial basins (Moscow Tsimlyanshoye

Rybinsk and other seas) and sea bwalt spits and baybars

{laigﬂnna, for 1nstance)
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There are runmnpg water lakes and lakes without outlet
The former receive rivers and give rise to new rivers (Lake
Ladoga Lake Onega) The latter recerve rivers, and dis
charge their water solely through evaporation (Caspian Sea
Aral Sea Lake Balkhiash) The water in the former 18 fresh
and in the latter 1t gradually salimises first becoming brack
1sh (1n Issyk kul for example 1t contains 3 6 6 7 grarms
of salt per litre 1n the Aral Sea 10 4 12 9 grams, 1n the Cas
pr1an Sea 13 14 grams) then salty and salt brine (in Lake
lletskoye for example the water contarns 155 2 grams
%er Isitre 1n Kara Bogaz Gol 163 9 285 prams, i1n Lake

askunchak 284 2 grams and 1n Krasny Liman [Pere
kop] up to 372 grams)

Ihere are no tides 1n lakes but waves and currents
occur Moreover seiches or oscillations of the surface
linked wp with changes 1n atmospheric pressure are ob
served

The water level and salinity in lakes vary depending
on climatic conditions The temperaturo of lake water near
tho surface undergoes sharp seasonal fluctvations which
gradually smooth out witlt depth Depending on the geograph
1cal conditions and salinity of the water extremely low
temperatures are occasionally recorded im lakes In Lako
kupalnoye for example which 13 situated near the town
of Iletsk the water (brine} tempecrature ncar the bottom
fatls to —13 C when 1ce covers the surface, and 1n Lako ho-
ryakovo 1t drops to —27 G

Riurers Rivers represent atmospheric precipitation flow
ing on the Earth 8 surface and 1mpounded 1nto channels
VW here precipitation 1s abundant the network of rivers 1S
denser No rivers nise 1n deserts The Soviet hydrologist
A Voyeihov called rivers the product of the chimato and
classified them as follows 1) rivers fed almost completely
by melted snow and tce 2) rivers fed only by rawn water
3) rivers of mixed feeding Ground waters often contnibute
appreciably to the fceding of rivers

lhe land arca from which all water 15 drained 1nto the
channcl of a river 138 called the drainage bastn Tho sizo
of drunage basins the length of rivers and the quantity of
water transported by them may be diffurent Table 1 con
tains 1nformation on some rvers
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Table |

Jasin rea

| Ann 11! run
Ri { w000 Leneih lott b o bl
er aq{t;l:terter;:lu (k1lometres) {°f '-1‘;]'-::“33:" ¢
) | e S Ram—
Inth USSR | |
Ob (with the Irly h) | 29 5 200 4 0
lem o1 {(with the S lengay 2 6 5 20 w00
Lena 2 38 4 600 |
\mur (with {be Argun) 20 4 480 ¢+ 300
Volga { 45 3 690 270
Danybe 08 280 | 220
Dﬂ:’lEpEI‘ 0 o2 2 1.0 20
In other counfries | :
Amazon 7 00 5 00 3 160
Congo 3 6 | 4 200 | 1 850
Mis=is 1ppi 3 25 6 00 550
Y anglae 18 | 200 680

There 15 a great number of rivers i the world In the Eu-
ropean part of the U S S B alone there are more than 32 000

Rivers carry fresh water Howcver 1n areas with an
arid climate river water i1s sometimes brachish as for n
“tance 1n the Atreh and the Sumbar West Turkmenta

The quantity of water 1n a river depends on the season
In seasons of fow alimentation (in the Soviet Union—win
ter) the quantity of water in rivers 1s small 1ts level 1s
tow (low w ater) lugh water comes 1n spring when the water
1 a niver reaches 1ts highest level, we say the river 15 flood-
ed During hugh water and especially during floods rivers
overflow thetr bhanhs sometimes with catastrophic results

The rate of flow in mvers varmes greatly and depends
on the inchination of the bed (river gradient) It increases 1n
proportion to the square root of the gradient when the gra
dient qualruples the rate of flow doubles The moving
force of a river depends on the mass of water 1n 1t and on

[
the rate of flow and 13 expressed by the formula —— 1 e

2
the moving force 1s proportional to the mass of water (M)

and to the square of the rate of flow (v)
Thus the hydrosphere ™ Tiko the atmosphere s highls

§--521 4 49 h %

" ~F " o} i



mobile and has a moving force and 13 as we <hall =ce below
a powerful geological agent contributing to the transfor
matton and devclopment of the Earth s crust

TIIL BIOSPIICRE

The geological role of orgamisms has been recogmsed by
scientists long ago However 1t was not until the twentieth
century that a scientist lawd special emphasis on the role
of orgamisms 1n the hie of the karth This was done by the
Russian mincralogist and geochermist V. Vernadsky who
showed that between organtsms and the environment thero
15 a close interaction which manmifests 1t<elf 1n a continu
ous migration of atoms from the 1norgamec world into Living
organisms and vice versa

The ornigin of Lhie on our planet still remains un<olved
It 1s supposed Lhat the lower orgamsms which appeared
1in the very remote past could also have existed in thermo
dynamic conditions other than those obtammnz today
V Omelyanshy gives interesting facts about the vitality
of some lower orgamisms Certain fungal spores for cx
ample cxist at a temperature of up to 140 G wlle the
spores of mrcrobes hive at as Ingh a temperature as 180 G
and do not lose thetr viability Bactera spores resist cool
ing equally well In liquid hydrogen they live for ten
hours at a temperature of —253 C and at a temperature of
—190 C they preserve their viability for about six months
Microorganisms can survive cmormous yvariations of pres
surc Some saprophytic fungr and bactera for cxample
can resist a pressure of up to 3 000 atmospheres and yeast
can survive under a pressure of 8 000 atmospheres

Life on Carth 1s closely linked up with the atmosphere
hydrosphere and lithosphere It can be said that it 15 1mn
fnct the function o! theso geosphercs were one of them
excluded from the composition of the Earth life m its
present form would disappear Witlun the boundaries of
our planct we find organmisms 1n the atmosphere up to an
altitude of six kilometres 1n the hydrosphere to the abys
al depths of oceanic troughs (10 170 metres) and in the
hthosphere 1n layers at a depth of several hundreds of

metres
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[he history of the karth 1s generally divided into two
big periods Azoie, when there was no life on Earth and
Zoi1c when organisms appeared and began to develop 1nten
sively Since then the hthosphere has been continuously
enriched by a number of minerals and rocks representing
the result of the vital activity of amimals and plants

The participation of organisms wn the hfe of the Larth
15 not lmted to the formation of minerals and rocks thanhs
to their vital activity, numerous important geological
processes take place Complex birochemical reactions result
in the formation of soils As far back as the beginming of
the mineteenth century geologists nghtly defined soil
as a rock which differed from all other rocks by 1is
fertility

From the geological point of view individual organisms
play different roles Orgamisms are divided into a) rock
forming and b) indifferent to rock formation All animals
and plants are rock forming orgamsms

Among marne plants which play an important rock
forming role mention must be made first and foremost of
diatoms which have a silicified cell wall that persists as a
skeleton after death and calcareous algae, which often ap-
pear as energetic rcel buillders Among the rock forming
se1 amimals are foraminifera radiolaria sea mats co-
rals echinoderms and bivalve mollushs

On land plants are the chief rock forming orgamsms

Their vital activity results in the formation of caustobio

Inhs (combustible minerals) sapropelites peat lignites
coal and petroleum

The enormous role that orgamc matter plays 1n the hife
of the Earth depends on the vigorous activity of orgamsms
Vernadsky has calculated that the entire mass of organic
matler on the Earth makes up not more than 01 per cent of
1ts crustal mass But through thewr activity orgamsms
help to transport matter and 1 this ruspoct their role ac
cording to the opimon of some scientists (S halesnik)
'3 as important as the geological role of rivers the wind
and glaciers

The propagation power of orgamsms is of great impor
tance A femalo Lermite tonunuously 1ays thousands ol eggs
every 24 hours 1n the course of a life span that is some

1 51



time< as long as mne years Dandelions engender such a
numerous po lemty that 1f it all survived it would cover
the entire Iand area within 10 12 years Some fish lay sey
eral mallions of roe and 1f enormous numbers of these eggs
did not pen b the hydrosphere would be congested in
a very shorl span of Lume Here 1s ancther example din
toms propagate so encergetically by gemmation that 1o cight
days a single diotom could create a mass of matter that
would beequalto the volume of our planct and an hour later
this mass would double It would not be difficulit to calenlate
how great thns mass would be in twenty four hours Sim:
larly tn a ycara cthate infusortan (paramecium shipper ani
maleule) could crcate a mass of protoplasm that would
be cqual to the mass of our planct

However tlus eatensive roproduction does not lead to
any <izable incrcp ¢ of crpanic matter for the overwhelm
irg majority of organmisms pert h 1n the embryonic =tage
Only thiese survive thal are the mo t adapted te the surround
ings The adaptalmlity of organism to ¢nvirenment s due
to Lthe vanability that earh organtsm possis es under tho
tnflucnue of environment separate organs of the 1mhividual
change con tantly as they adapt themsclves to the functions
thcy mu t perform

The vegatable hingilom deselops 1n delimite conditions
windh are extremely diverse and may change 1n the courso
of the Larth s dovelopment One of the most 1mportant
factors 1n the development of the vegetable hingdom 1s tho
chimate The tcmperature humidity of the air gases top
ogra; ity (whith determines the mosement of nir masses)
sunlight an! otl are of ¢ ential 1mpoertance

Land ammals are less dependont on clhimatic conditrons
than plants In particular this apphes to wirm blooded
amimals (fir example  birds mammaly  Coll blholdd rep
tiles and dipnor can only lue an defimte chimatic conli
tions (temperile and warm chimale)

Orczrapbic con hiiuns al o play o mejor role an the ot
ticmont of lar ]l amimats Amimals hisin, an dolinite ore-
grajhic wonhitwns «an e cparate ] anto groups [hose
fans governmir e the distnibutton of lan) amimals are of 3pe-
c13! Iy rtan o when the animal Lnglum of pat cpochs
1+ tu il



There 15 a fundamental difference between marine and
land fauna Tirst and foremost marine fauna badly adapts
itself to more or less perceptible temperature fluctualions
Marine fauna and flora are influenced by the salimity of sca
water temperature currents sunhght water pressure
floor relief and the composition of bottom sediments 1e,
by the entire complex of physical and chemical properties
of the aqueous cnyvironment

According to their mode of hie marine ammals can be
divided into the following groups benthos—fauna found
at the ocean boltom nekhion—Iree swmimming orgamec life
meroplankton—plankton hving only part of the time at
or near the surface plankton—passively floating animal
life—~and others

Oceans are densely populated down to a depth of 2 000 me
tres Below that level the number of planktonic and nektonie
forms of fauna sharply decrcases However various flora
and fauna occur even in the deepest of the ocean troughs

The birosphere 13 the most actine source of energy It
sets huge masses of matter of the Earth s crust 1in motion
Organic matter creates soil takes part 1n the formation of
rocks influences the microrelief of the Earth s crust accu
mulates solar energy 1n the interior of the Earth and regu
lates the composttion of the Earth s atmosphere All this
shows that orpanic matter plays a considerable role and

forces us to consider 1t as essential a geological factor as air
and water

THE LITHOS] IICRE

The hithosphere or the Earth s crust 1s a solid rocky
shell Tt 1s subdivided 1nto the upper zone of katamorphism
and the lower zone of metamorphism In turn the upper
portion of the hatamorphic zone adjoiming the atmosphere
1s called the crust of weathering while the lower portion
13 calied the belt of comentation

The lithesphere can be observed only to a small depth
for the deepest borcholes hardly reach 6 5 Lilometres and
1L 15 only 1n certain folded areas of the Carth that the rocks
that formerly occurred at a depth of 15 16 kilomelres are
¢xposed on the surface by mountmin making disturbances
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The chemiecal composition of the Earth s crust has beun
computed on the bas<is of analy<es of munerals and rochs
According to the Soviet mineralegist and geochemist A V.
nogradoyv  the lithosphere consists of the following ele
ments (tn weight percentages) 0—46 8 §1—206 00 Al—-7 49
Fe—420 Ca—320 Mp—=235 Na=240 K-235
H—1 CO

As the above figures <how nine elements contribute mor
than ©8 [er cent of the weight of the Farth s crust with oxy
gen mahing up pearly half of 1t within limits of the depth
indicated above and sthicon accounting for a lLittle over
a quarter of the neight The e two elements thus account
for more than three quarters of the weight of the Iarth s
cru t Aluminmium iron alkaline and alkaline-carth metals
and hydrogen account for 23 per cent and the other clements
fur1 2 pcreent of the weight of the Earth seru t The content
of itamum carbon and pho phorus 13 measurcd 1h tenths
of one per cent the content of mangancse sulphur barium
chlorine chromium fluorine zircomum miched strontium
vanra hwm  copper in hundredths of one per cent anl the
content of tung ten lithwum hafmum fcal anl cobalt
i thouw aniths of one per cent The other cloments are np
nl emtedd in 0l maller quantittes (radium  for exam
ple)

The dlements whili occur an the Farth s cre tan minate



GLNERAL INFORMATION ON MINLCRALS

Crystalline Structure of Minerals

The majority of the known minerals are 1n a cry stalline
state and only a small number 1s 11 an amorphous »tate
The difference between the crystalline and amorphous
ctate 15 that when elements are in a crystalline state the
molecules atoms or 1ons of each arc arranged 1n a definite
order and form a spatial lattice (Fig 5) while 1n the second
case there 18 no regular arrangement
of particles The difference 1n the 1n
ternal structure of crystalline and
amorphous bodies accounts for the
difference 1n their physical properties
(tbermoconductivity, electric conduc
tividy magnetisation  hardress  and
so on) In a spatial lattice the par
ticles are equidistant from each other
in any parallel direction, but the
distance  between them can vary in '8 ESPMEM {Emﬂ’”
non parallel dircetions Accordingly o FOeE S8

the properties of erystalline bodies defined by the inter
relation between the constituent particles are comstant in
parallel directions and may change 1n other directions This
1sdue to the structure of the spatial lattice The physical
properties of amarphous bodies are equal 1o all directions
and are defined only by the chemical composition of the
substance That 1s why 1n contrast to crystalline bodies
which are amsotropic such bodies are called 1sotropic

Minerals which arc in a crystalline state are gencral
ly found 1n gruns of 1rrcgular shape and seldom in the form
of rectilincar polyhedrons—crystals (g 6)

Each mineral has its own more or less constant crystal
form which depends on the internal structure of the sub-
stance—its spatial lattice Each crystal is bounded by
planes ¢allnd ery<tal faces the lines of the face intersec-

tion are ealled c¢rystal edges the points where the cdges
tntersect aro called apexes (Figp 7)

mder the influence of the environment the hape of
e crystal faces their size and gccastonally even therr

O ko ©Cl1
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Crystals are sym

4
metrical, that 1s to
say liieir imdividual &
clements {faces cidges
and apexes) or combi 'k
nations of clements
are regularly repealed, 4
this can be noted when
a crystal 19 dissceted 7
by a plane when 1t
rotates nbout a certain
avis or when tho ar v

rangement  of  uls

eparate elements 1s  Fig 7 Elements of a Fflq 8 Ilme
compared 1n relatton crystal 0 :Ii’gléﬂﬁlw
to a deflinite point in Aff;{l}:‘}rﬂ;‘lﬁ];l‘;f‘ﬂﬂ

side. 1t TLe.e planes C—apex

axes and points are
Lhe elements of crystal

symmetry and arc called respectively the planc of sym
metry Lho awis of symmetry and the centre of symmetry

An mmaginary plane dividing the crystal into Lwo equal
or mirror image parts 18 called the plane of symmelry
(Fig 8) 1t 15 designated by the letter P

An arts of symmetry 13 an 1maginary axvs winch allows
individual elements of a crystal to repeat themselyves
when the crystal mahkes a complete revolution of 360
1L 1isdesignated by the letter L During acomplete revolution
this repetition of the same position can be observed 2 3 4
and b Limes Accordingly, the axes will be called axes of

e 9 Axes of symimelry
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symmetry of the second
thin! fourth and <ixth
onler and designated by
tho letters L. Ly, L and
{qo (Lag 9)

The point inside the
crystal at whch all
steatehit lrnes connecting
the respective points of
tiy, 10 Centre of symmetr) the ery tal surface tnter-

ccct and recciprocally du

vide into two parts is

valled the centre of symmetry 1t 18 destgnated by the letter
( Acrystal can have only one centre of symmetry (Fig 10)
A crystal that has the frrm of a cubie belongs to the group
of Ngures with the greatest degree of symmetry It has threo
axes of symmetry of the fourth order (3L,) passing through
tho muddloe of the cube faces four axes of symmetry of the
third order (47,) passing through the apeves of the tnhedral
angles and six axes of svinmetry of the ~ccond order (bL,)
passtng through the muddle of the edges (Fig 11} More

Fi, {1 Axes of symmelry of a cube

over ninc plancs of symmetry (9F) can be drawn in the
cube (Fig 12) The centre of symmetry in the cube lies at
the pornt where the axes of symmelry 1ntersect

On the basis of the combination of the clements of sym
metry and other features crystals are classified into the
following scyen systems cubic hevagonal tetragonal tng
onal orthorhombic monochinic and tmchnte

The largest number of elements of symmetry 15 obseryved
in crystals of the lghest cudie system Their featuro 1S
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Fig 12 Planes of symmetry of a cube

that they have more than one axis of symmetry above the
second order

Crystals with only one avis of symmetry above the sec
ond order belong to the middle systems Depending on
the axis order the following three systems are distinguished
among them

hexagonal which con=ists of crystals with ome axis of
symmetry of the sixth order

tetragenal which consists of crystals with one avis of
symmetry of the fourth order and

trigonal which consists of crystals with one axis of sym
metry of the third order

Crystals with no axes of symmetry or only axes of the
second order belong to the lowest systems The following
Systems are distinguished among them

orthorhombic which consists of crystals that have sev
cral axes of symmetry of the second order or several planes
of symmetry

moroclinic which consists of crystals that have either
0ne axis of symmetry of the second order or one plane of
Symmetry

richinic which consists of the most asymmetric crystals

Or crystals devoid of elements of symmetry or crystals
that. nnly have a centre of symmetr)
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Above we have indieated the minimum number of elements
of symnielry necessary to clnss crystals as helonging to any,
of the listel sy tems cxeept the trichme Monovir crys
tnls of the Inghcst and muddlc sy<tems may have axes of the
sccomsd orfcr planes and a contre of symmetry Crystals of
the orthorhombie and monodime systcms may have axes
of the «ccond orler and planes as well as a centre of sym
metm

A% we have alrcady ftoted munerals either form eronular
concentrations or are occacionally found n the shape of
separate cry tals op duslers of erystals The nature of these
minernl concentrations and clusters depends principally
on the conditions n winel the cry tals wore {formed

Granular clusters are concentrations of mineral gratns
of diflerent srecgular shapo that depemls on thoe spatrsl
outhino 1n which the mineral had crystallised

Druses are «lu ters of crystals incrusted at one end to
nome surface

Concrefions are muneral accumulations that pgrow {rom
some nucleus to the periphery and form radially hbrous or
concenlrically composed dlusters Oslites are also concre
tions They arc miperal accumulations of spherical concen
tric conchowdal or radially fibrous bolies that form when
a substance scttles around some minute particles

Secretions are formed when a mineral sub tance fills cavy
ties 1 rochs In contrast to concrctions the deposttion of
substance procccds from the puniphiery to the nucleus Se
cretions of up to ten mitltmetres indiamter are callcd amyg
diles larger sevritions are called geoles

Sinter forms of mincral clusters omginate during the
slow coating of somo surfice by a muncral substance The
main role 1n this proces s played by colloid solutrons
Typical remiform botryoidal clusters or clusters 1n the
shape of 1cicles (stalactites and stalagmites) are formed

Physical Propertics of Minerals

There are different methods for i1dentifying munerals
they are ba.ed on a determination of the habits of crys
tals on a study of therr optical and chemical proper
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tres chemical compostition and so forth Science has reached
a level where minerals can be identified through X ray
diffraction spectrographic and thermal analyses and other
methods of precise muneralogical study For the sake of
accuracy minerals are 1dentificd by several methods simul
taneouslsy

In order to conduct geological explorations in the field
1t 15 necessary to be able to 1dentify the principal minerals
on sight Atlention must be paid to the following basic
properties of minerals colour of a mineral 1n fragment and
in powder the lustre the transparency, the fracture the
cleavage, the hardness and the specific gravity These prop
crties are closely associated with the internsl structure of
mnerals with the texture of their crystalline lattice In
Llns connection cach mineral which 1510 a erystalline state
has a defimite number of properties that change regularly
with the anmisotropy 1nherent i1n mincrals

Colonr The colour of a mineralin frapment and 1n powder
form may be different The colour of a mineral wn fragment
depends on Lhe basic chemical composition of the mineral
concerned on the arrangement of the rons and atoms 1n
the crystalline lattice and on insignificant chemical and
mechanical impurities which can change the colour but
do not influence other properties On account of this we
lind different minerals having the same colour (for example,
rose coloured gypsum and rosc coloured halite) or one and
the same mineral having different colours (for instance
flint may be wlite browmsh grey brown, red black or
some other colour)

When a muneral 15 described, 1ts colour should be stated
as accurately and clearly as possible by comparing 1t with
the colour of well known objects, for wmstance, milk white
lemon ycllow and so on

In the case of some minerals the colour of the powder
or streak often differs from that of the fragment For 1n

Fatance pyrite fragments are golden-yellow while the pow
(r of this mincral 1s greenmish blach To determine the col

?;lr of the powder of a mineral a streah of this powder

] usually made on the rough surface of an unglazed porce
ain plate This makes 1t possible to differentrate between

for example two minerals whose outward appearance 1s
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vory stlar say homatite and mognctite the power of the
formr leaves a cherry red «<treah and of the Iatler a black
streak

Lustre Tor their lustre all minerals are dinvided anto
Iwe groups The lirst group consists of minerals with
metnlhc Justre ap o rofleeted hght the surlace of the e
minerals s rcmunt cent of a metal surface NMative metals
and mo t sulphudes have n metallic lustre A deep metallic
Justre occastonally makes it difficult to determine the col
our of a mineral This group al<o includes minerals graph
ite for example which have a submetallic lustre that
reccmbles the lustre of tarmi hed metal

The <ccond bigger group consists of minerals wath non
metallic lustre In this group the Instre of minerals is sub
divided ns follows adamantine—1this 1s the maost 1intensne
Iustre and 1s typical for a small number of transparent or
translucent mincrals (iamond <phalente and others) it
recous—remmiscent of a glass syrface—1s a feature of most
transparent and translucent munerals (rock crystal cal
cite hahite and <o forth) greasy wlich gives the impres
sion that the surface of a mineral 1s coated by a thin film
of grease—this 1s a feature of quartz at fracture natne sul
phur nephelenite and other minerals mother of pearl (mi
¢ tale) silky—this 1s the lustre of minerals with a librous
structure (fibrous gypsum asbestos) Finally there are
mincrals whose surface has no lustre at all In such cascs
it 15 «a1d that minerals have a dufl lustre

Transparency The transparency of a mmneral depends on
1ts ability to transmit rays of hight Accordingly the fol
lowing varieties of minerals can be distingmished

non transparent minerals 3¢ mnecrals that do not
transmit light even through very thin sheets These miner
1ls have a metallic lustre and lcave a black or dark streah
(native metals many sulplides ferric ovides and other

mincrals)

transparent minerals that admit the passage of Light
like ordinary glass (for example roch crystal and Iceland
spar)
translucent minerals that admit the passage of light
ke frosted glass (for exiymple chalcedony gypsum and

occasionally opal)



minerals that are non transparent as fragments but ad
mit the passage of light along a thin edge (for example
feldspars many carbonates and silicon}

Fracture When various minerals are broken wne get frac-
tures of various shape Often these fractures have the shape
of a smooth concave or convex surface with concentrically
arranged riblets—waves resembling the structure of a shell
Such fractures are called conchoidal

In other cases the surface of the fracture 1s covered with
small splinters This 1s called a splintery fracture and 1s
a feature of minerals with a fibrous long columnar structure
(for 1nstance amphibole) Some manerals, for example
haolimte have an earthy fracture resembling the rough
surface of clay In the case of other minerals an uneven
surface 15 formed when they break and this i1s called an
uneien fracture

Cleavage which 1s the result of the tendency of miner
als to split along parallel planes (planes of cleavage) 1s
a form of fracture This property 1s due to the
structure of a mineral s crystalline lattice and mam
fests 1teelf 1n defimte crystallographic planes in which
the adhesive force between separate atoms falls to a min
Imim

Depending on how clearly the cleavage 1s defined the
following degrees of cleavage are distinguished

eminent clearage when a mineral casily splinters into
sheets with smooth shiming parallel surfaces This 15 a
feature of mica (Fig 13)

perfect clearage, when a mineral that 1s struckh breaks
'llflt‘il)ly along defimte planes (for example calcite and ha

C

medium clearage when a mineral that is struck breaks
equally often along cleavage planes as uneven fractures
are formed 1n 1t (feldspars)

tmperfect clearage 15 ascertained with difficulty in the
orm of <mall facets against the background of an uneven
fracture (apatite nattve sulphur)

highly imperfect clearage means that there 1s practical

ly no cleavage It 13 never possible to find even planes on

the fracture of minerals with a highly 1mperfect cleavage
(for instance in quartz)
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Fig 13 Mica Eminent cleavage i one direclion

Besides determining the degree of cleavage 1t 15 necessary
to marh out the plapes 1n which 1t 1s expressed Some
minerals mica for example have a cleavage in only one
plane Other minerals are clcaved 1n two planes and the

degree of this cleavage can be diflcrent As an c¢xample
Iet us tahe feldspar 1t has a perfect cleavage 1n one
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plane and amedium cleas
age 1 the other Therc —_— )
are minerals with a three
plane cleavage halite and
calcite for example
(Fig 14)

Crystal faces can be mis
taken for planes of cleav
age and to distinguish be-
tween them 1t should be
remembered that as a rule
lustre 1s greater along the

Fir 1+ Caleite lericet cleavage
planes of cleay age than in thrie directions along a rhon
along the crystal faces bohedron

Hardness Animportant
property that helps us to
identify minerals 1s their hardness, 1 ¢ their resistance
to mechanical action

Ten minerals have been sclected as standards of hard
ness and arranged mto a scale 1 the order of hardness

relative of which the hardness of all other minerals 1s deter
mined {Table 2)

Table 2
Hardness Scale
Mineral | Had ¢ | Min ral IT rd e s
Talg 1 | Orthoclase 6
Gypsum 2 1 Quartz T
Caleite 3 Topaz !: 5
Fluorite 4 || Corundum 9
Apatite 5 Diamond 10

Each mineral from the hardness scale can seratch the

Solter mineral preceding 1t and can he scratched by the
harder rmaneral below at

To determino the hardness of a minernl 2n even facet
15 chosen on 1ts surface and run over with the sharp edge of

v=—u2l 635
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a mineral from the hardness scale If a seratch 1s made on
the 1nvestigated mineral 1t means thatit 13 softer than the
mneril standard f no scrateh 18 produccd 1t means the

investigated mineral 1s harder than the mineral standard
This tcst should be continued until the investigated mineral

fits into an 1nterval between two minerals 1n the hardness

Fig 1, Double refraction in a piece of Iceland spar

scale 1 ¢ until its hardness 1s determined as being inter
mcdiite between them or as equal to the hardness of one
of them If the hardness of a fine grained mineral 13 tested
1t 1s more convenient to scratch the mineral from the
hardness scale with the gramns of the mineral being
tested

The hardness of a mineral can also be determined with
the aid of a number of objects which are always on hand
for cxample the bardness of the lead of 1 soft pencil 1s taken
as 1 the hardness of halite or =alt 15 taken as 2 of a2 Linger
nail as from 25 to 3 of a na1l or wire as 4 of glass as 5
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of a steel blade or needle as about 6, of widespread miner-
als such as quartz and silicon as 7 Minerals of a greater
hardness occur very rarely

Specific Graovity 1t1s only in a laboratory that specif-
1¢c gravity can be accurately determined But in order to
1dentiiy minerals 1t 1s important to be able by simply weigh
g them 1 your hand to determine if they belong to the
group of hight minerals with a specific gravity of 295 to
the group of middle minerals with a specific gravity of 3 5
to 4, or to the group of heavy minerals with a specific
gravily of over 4 5 With some practice one soon becomes
able to determune specific gravity with suificient accu
racy

When a mineral 15 studied attention must be paid to all
the physical properties cnumerated above because only
when all these properties are determined 1s 1t possible to
identify the mineral correctly

Some minerals have properties that are not found 1n any
other mineral For instance carbonates more or less freely
react with hydrochloric acid and liberate bubbles or carbon
1Ic acid gas this 1s called the boiling up of a mineral
Double refraction 1s a feature of pure calcite (Iceland spar)
(F1ig  15) Magnetite 15 strongly magnetised and being
brought to the magnetic needle deflects 1t Halogen minerals

(halite) freely dissolve in water and have a characteristic
taste

Classification of Minerals

Approxumately 3 000 different minerals are hnown at

present  but only a small number (about 50) 15 widespread
Ik the Earth s crust the rest occur rarely

Feldspars are the most widespread group of minerals 1n
the lithosphere adding up to nearly 60 per cent then fol
lows quartz—12 6 per cent mica—3 O per cent ferrnginous
magnesia silicates—16 8 per ecent lime feldspar (cal
cite)—1 5 per cent dolomite—01 per cent various clay

Minerals—about 1 per cent All the other minerals hardly
account for G per cent of the Earth smineral mass Minerals

that are important constituents of ordinary rocks are called
rock forming minerals
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All known minerals according to their chemical compo
«itton and crystalline toxsture  are divided anto soverid
cliswes of winch the most impartant are

1 native elements
<ulphides
halides
oxides 1nd hydroxades
carhontates
aitlphatcs
phosphates
sthicales

The properlics ol the principal rock forming muncrals
and of es<«ential munerals ave de cribed below

D0 =100 e LD b

Natire Llements

Nalive clements are seldom found in nature they are not
roch forming The origin of native elements may be associ
ated with magma solhidification with secondary chemical
actions or with the action of high temperatures and pressures

Graplhite [C) 15 rarely found in the form of small ta
bular crystals of the hexagonal system It oceurs most
often as a compact or scaly mass It has a darh colour—
from steel grey to black The streak 1s dark grey to black
and shiny The lustre 18 submetallic The cleavage 15 per
feet 1n one plane the flakes are thick and easily fnable
in thin flakes graphite 1s flexible Hardness—1 Specific
pravity—2 09 2 23 It 1s greasy to the touch soils hands
and leaves a streakh on paper

The origain of graphito 1s linked up with magmatic and
metamorphic processes It 1s used principally 1n the manu
facture of pencils and fire proof erochery and as a lubn
cant for friction parts when on account of high temperatures
o1l cannot be used

Diamonds are a crystalline variety of pure carbon They
are extremely transparent very hard (bardness—10) and
have a brilliant lustre They occur very rarely and are used
as an abrasive 10 enginecring and also as jewelry Diamends
arc one of the most precious minerals The Soviet Union has
deposits of diamonds 1n the Yakut Autonomous Republic
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Sulphur {S] 1s occasionally found in the form ol crys
tals of the orthorhombic system well faced and forming
druses 1n sinter forms but more often as an earthy powder-
like mass It 1s yellow of various shades up te green brown
Its Iustre along a fracture 1s greasy, dull Sulphur 1s translu
cent The cleavage 15 imperfect The fracture 1s conchoidal
and earthy ¥ardness—1-2 Specific gravity—2 05 2 08
Sulphur electrifies during frictron, 1s mmflammable and burns
with a blue flame liberating a fetid sulphurous gas

Native sulphuris formed during the decomposifion of
sulphate and sulphurous minerals and during the sublima
tion of vapours and gases released by volcanic vents Sul-
phur depesits are known 1n sSome regions of volcanic activity
For instance there are large quantities of sulphur in Italy
where 1t 15 one of the products of the eruption of volcanoes
of the Vesuvius and Etna group In the US S R there are
deposits of sedimentary sulphur 1n Central Asia and 1n the
Volga Area

Gold TAu] s a precious metal and 18 found 1n the form
of crystals grains lamellae and nuggets It crystallises
In the cubic system Its colouris yellow and 1t has a high
specific gravity (456193) It 1s extremely malleable
Hardness—2 5-3

In a dispersed state gold occurs 1n rocks in rivers and
oCeans and even in the tissue and bleod of hiving organ-
1sms In nature we find mainly native gold There are pri
mary deposits (inclusions 1n ore bodies) and placers (de
stroyed and redeposited primary deposits) In ores and 1n
Placers gold 1s found 1n the form of tiny grains but quite
often nuggets weighing dozens of kilograms are encountered
Native gold occurs in vartous shape lamellae grams rods
and so forth The surface of particles of native gold 1s cov
ered occasionally with films of other substances eg
with hydrous exide of iron
Platinum (Pt] like gold 1s a precious metal It 1s found
mainly 1n a virgin state 1n the form of grams and flakes
of different size and seldom 1n the form of large nuggets
It 18 steel grey Hardness—4 5 Specific gravity—14 19
Like gold 1t comes from primary and placer deposiis

Platinum 1s wnfusible chemically stable and conducts
electricity and 1s therefore widely used 1n the chemical and
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clectrical engincering industries The biggest platinum de
posits are in the U S 8 R (the Urals) Canada, South Africa
and Colombia

Sulphides

For the number of minerals {more than 250) this class 18
second aitersilicates But for their occurrence 1n the Earth s
crust minerals of the sulphide e¢lass Iike native miner
als occupy one of the last places and are not rock formng
However someare of great practical importance Their chem
1cal composition 18 sumple and 15 a combination of var
10us elements with sulphur The origin of sulphides 18
licked up principally with precipitation from hot aqueous
solutions and 1n n lesser degree with magma sohdifica
tion and cold solutions The majority of the minerals of
this class have a metallic lustre a relatively low hardness
and as a rule a high speeific gravity

Pyrite [FeS1 13 one of the most widespread minerals
of this class It 1> often found as well defined crystals of
the cubic system particularly as cubes on tho faces of
which a fine parallel striation 1s vistble 1t 1s also found
as granular or compact clusters and round concretions with
a radiated structure It s ight or golden yellow Tho streak
1s black or greenish black The lustre 1s sharply metallic
which sometimes makes 1t difficult to determ:ne 1ts colour
Pyrite 1s not transparent The cleavage 1s 1mperfect The
fracture 1s uneven or conchoidal The fracture of clusters
15 granular Hardness—G6 063 Specific gravaty—4 95 2

Pyrite often forms extensive accumulations which are
developed with a view to producing sulphuric acid

Chalcopyrite [CuFeS ] crystallises 1n the tetragonal
system It frequently occurs in the form of compact masses
crystals are rare Its colour in contrast to that of pyrite
15 lighter—a bra s yellow It 1s not as hard (3 4) as pyrite
[ts specific gravity 1s 41 4 3 It 13 awidespread copper ore

Galena [t bS] crystallises an the cubic system It occurs
in the form of granular less often compact mases Tho

crystals usually have the form of cubes seldom that of
octahedrons The colour is lead-grey Its streak fs a shinj
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greyish black It 1s not transparent Its lustre 1s metallic
The cleavage 1s perfect 1n three planes parallel to the cube
faces Hardness—2 3 Specific gravity—74 7 6

Galena 18 an important lead ore

Sphalerite [ZnS] crystallises in the cubic system It
peeurs 1n the form of fine gramed or nodular masses and
crystals of regular tetrahedral shape The cleavage 15 emi
nent The colour 1s inconstant brown yellow or reddish
The streak colour 1s yellow or brown The lustre 15 metallic

and brilliant ¥Hardness—3-4 Specific gravity—3 5 4 2
Sphalerite 1s an important zinc ore

Halides

This class embraces a large number of minerals repre-
senting salts of haloid acids precipitated from aqueous
selutions Only a few minerals of this class chiefly chlo
rides arerock forming

Halite {NaGll] which crystallises in the cubiec system
15 the most widespread mineral of this class It usunally
occurs 1n the form of crystalline clusters and scldom as
cubic crystals Pure halite 15 colourless or white Varie
ties of halite of different light colours (red, yellow blush,
grey) are frequently encountered the colour 15 due to 1m-
purities The lustre 1s vitreous Halite 1s transparent or
translucent Its cleavage 13 perfect in three planes parallel
to the cube faces Hardness—2 Specific gravity—21 2 2
It dissolves rapidly 1n water and has a typical salty taste
Beds and nests of hahite occur 1n strata with other sediment-
ary rocks Ocean water contains threc per cent dissolved
halite Halite sometimes settles on the bottom of salt lakes
and bays where 1t 1s known as solar salt Ground water 1s
often saturated with halite and occasionally this results
In salt springs The water 1n these springs cvaporates 1n

summer and freezes out 1n winter and 1s the source of what
13 known as evaporation salt

Halito 1s used in food (as common salt) and alse mn the
chemical industry Tho best known rock salt deposits are

In the Urals the Donects Basin near Iletskava Zashchita

and on the Taimyr Peninsula Solar salt 1s obtained from
lakes Elton and Bashunchak Salt springs are encountered

f



in Slavy o Bakhmut Desteiet noar 1 towns of Balakhng
and Usolye and i other places

Spliite [KGl] forms in the same conditions as halile
but occurs less fruquently 1t 13 sometimes found in grann
Inr intergrowths waith hahite [Its physienl properties are
sumilar to those of halite The distinguishing features of
sylvite are its burning salty taste and bright red or dark
biuoe colour

Pluorite {CaT ] crystallises 1n the cubic system forms
granular clusters and 1s found a3 <cparate, well delined
crystals usunlly as cubes and less often as octahedrons

[t occurs 1n a variety of colours colourless yellow green
blue violet and pink Ono and the same crystal 13 frequently
mult1 coloured This mancral has a vitreous lustre 18 trans
lucent and thc pure varieties are transparent (optical fluo
rite) The cleavage 1s perfect yn four planes parallel to the
octahedron faces When fluorite 13 heated 1t fluoresces in dark
ne.s Hardness—4 Specific gravity—3132 Under the
action of sulphuric acid fluorite dissolves liberating
fluoric acad [HF] which intensively corrodes glass

Fluarite owes 1ts ongin chiefly to hot scolutions occa
stonally 1t occurs in sediments precipitated from cold wa
ters It 1s very important in metallurgy

Oxides and Hydrozxides

In this class the minerals are combinations of various
elements with oxygen and with the OH hydroxyl group
It 1s one of the most numerous classes of minerals and for
its weight accounts for nearly 17 per cent of the lithosphere

Quartz [S10,] 15 one of the most common minerals of the
Farth s crust [t 1sanmportant constituent of rocks formed
deep 1 the Earth and on its surface 1e 1t takes part
in the formation of magmatic sedimentary and metamor
phic rocks It occurs in the form of granular clusters and
irregular grayns occasionally it 1s formed in veins and vugs
as well cut crystals and clusters of erystals Quartz
crystals have the shape of a hexahedral prism termipating
at one or both ends 1n rhombohedrons The faces of the prism
are often covered with a fine transversal striation ‘Irans
parent quartz crystals are called rock crystals Although
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quartz 15 colourless or whate when pure 1t 15 ofien tinted
I or example there 15 a smoky rock crystal with a greyish
tint and an amethyst rock crystal with a violet taint Black
quartz 18 called morion The faces of the erystal have a
vitreous lustre, and the fracture 15 greasy Quartz has a
highly imperfect cleavage The fracture 1s conchoidal or
uncven Quartz hasa hardnessof 7 and a low specific gray
ity of 2028 It dissolves only 1n hydrofluoric ncid

It forms during the solidification of magma and 1s seg
regated from hot solutions and also during the metamor
phisation of rock High temperature quartz crystallises in
the hexagonal system and low-temperature quartz in the
trigonal system A eryptocrystalline variety of quartz (chal
cedony) and not quartz proper forms on the Earth s surface
during the dehydration and crystallisation of silica gel

Chalcedony {S10 ] 15 a cryptocrystalhne variety of
quartz occurring]in the form of compact masses sinter and
reniform clusters or nodules Chalcedony polluted with 1m-
purities such as clay particles 1s called silicon It occurs
m a vartety of colours (reyisafrequent colour but thereis
also brown, ncarly white yellow dark red and even black
silicon A variety of chalcedony with bright colours arranged
1m concentrie circles 18 called agate It has 1 weak greasy
dull lustre and 1s transparent at the edges The fracture
13 conchoidal Tiardmess—G 7 Specific gravity—24 25

Opal (810 nH,01 1s an amorphous mineral Tt has a wat
er content of 4 5 per cent which occasionally rises to 34
per cent It 1s usually found in the form of compact sinter
masses It ts colourless but 1mpurities give 1t different
coloms  Precious opal 1s milk white with a beautiful
play of colours Opal 1s semitransparent or translucent
along the edges It has a weak vitreous or greasy dull
lustre The fracture 1s conchoidal or uneven Hardness—
205 occastonally G Specific gravity—2 2-2 5

Opal forms chiefly on the karth s surface as a result
of the weathering of silicates and also of precipitation in
Wwater basins Some protozoans and lower plants have an
opal skeleton It 1s also known that opal segregates from
hot solutions Quartz 1s used in optics metallurgy and

the glass industry Quartz chalcedony and opal are also
used in the manufacturs of objects of art /
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Hematite [Fe Oy] crystalhses 1in the trigonal system
It 1s usually found tn the form of compact microcrystalline
scaly or lamelliform concentrations (iron glance specular
iron), 1 the form of nodules of radiated or conchoidal
structure and cryplocrystalline masses In the latter case
it 15 called red 1ron ore Quite frequently hematite 1s found

Fiz 16 Magnetite crystals as they occur in natogre

tn the form of erystals of thombohedral and lamellar shape
The colour of erystalline varieties of hematite 15 1ron blach
and of den e cry ptoerystalline varieties—red It has a blood
red streah The lustre varies from metallic to dull Hema
tite 15 not transparent even n fine lamellae Hardness—
5 5-6 the cryptocry-talline ma<ses are softer The fracture
1s conchosdal It has a high specfic gravity (v 53) which
1s typreal for ferruginous minerals Hematite cgregates

chtefly from hot <olutions and during metamorphi m It
13 an important 1ron ore

Vlagnetite [FeO Fe,0,]} crystallt ¢4 in the cubic sy tem
It 1s found in the form of compact granular clusters occa
sionally as octahedron cry tals 1mpregnated o rocks

(Fig 106)
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The outward appearance and physical properties of magne
tite resemble those of the crystalline variety of hematite
but the former 1s distinguished from the latter by 1ts blick
streak and magnetisation (1t attracts ncedles and nails and
deflects the magnetic necdle)

Magnotite forms during the solidification of magma and
segregates from hot solutions and 1n the course of metamorph
1sm It 18 a very important iron ore There are rich depos-
1ts of magnetic 1ron ore 1n the Urals {(mounts Magmtnaya,
Blagodat ysokaya and others)

Limonite [Fe O nH,0] 15 a hydrous oxide of iron The
quantity of water 1n this mineral varies this results m a
change of colour as well The colour of loose varieties 1s a
light yellow while that of compact varieties 1s brown red
brown or brown black The streak 1s yellow-brown or brown
Hardness—1 5 Specific gravity—3 34 Brown 1ron ore
15 sometimes found 1n the form of oolites and has various
local names bean ore bog ore, meadow ore and so on
An nterstratification of loose and compact varicties can
frequently be seen 1 a specimen

Limonite 15 a mineral of surface origin and forms during
the weathering of all other ferruginous minerals thanks

to the activity of microorganisms 1t also precipitates 1in
surface basins

Limonite 15 an iron ore

Corundum [Al1,0,] crystallises 1n the trigonal system and
forms columnar pyramidal and lamellar crystals It 1s
dark blue red, green or brown and occasionzlly separate
parts of the same erystal have a different colour Hird
ness—9 Specific gravity—3 94 Corundum does not dis-
solve 1n acids It 1s a mineral of magmati¢ origin There
%}‘Ehﬂfpnﬁlts of corundum 1n the Urals Kazakhstan and

akutia

It 15 of great importance 1o engineering as an abrasive
and cutting material A red transparent variety of corun-
dum 1s called a ruby and a dark blue variety 15 called a
sapphire. Rubies and sapphires are gems There 18 now an
Industry manufacturing artificial rubies They are of great

‘mporiance 1n engineering particularly im watchmaking
thanks to their exceptional hardpess
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Carbonnles

The mincrals of this class are carbonic acid salts Semg
of them are rock forming nunerals of sedimentary and
metamorphic rocks A feature of carbonates 1s that they
react with hydrochloric acid [HC1] This reaction produces
carbon diouide [CO ]| bubbles which give the impression
that the mincral bols The reaction proceeds as follows

CaCO,+ 2HCl=C1Cly+11,CO,

A <2

Fic 17 Calcite erystals

Cuiwardly similar carbonates can be distinguished by
the 1ntensity of this reaction

Calcite [CaCO4] 15 the most widespread mineral of the
carbonate class It erystallises 1n the trigonal system and
15 found 1s druses or separate crystals (kig 17) 1t often
forms sinters 1o the shape of stalactites and stalagmiles
Calcite 1s colourle s or white 1mpurities may give 1t var
10us colours It has a vitreous and occasionally a moth
er of pearl lustre |t s transparent or trans<lucent Tho
cleavage 18 perfect tn three planes parallel with the faces
of the rhombohedron Hardne s—3  bpecailic gravity —
20 28 Calcite reacts violently with hydrochloric acid

The colourle s tran<parent variety of calcito i3 called
Iceland spar 1t has the property of double refraction
(Fig 13) and 13 u ed :n optical instruments
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When caleite 18 heated 1t hiberates carbon dioxide cal
cium oxide [CaQ) known s burnt lime remains ¥Whon wat
er 1s added burnt hime turns into slaked lime [C~(OH);]
Slaked lime adsorbs carbon droxide from the air and con
solidates

Caleite precapitates from surface waters from hot solu-
tions, and 15 also formed 1n the course of metamorphism
Widely occurning rochs, such as Lhimestones chalks and
marbles consist of calcite [here are commercial deposits
of chalk 1n the viecimity of Belgorod and mm the Donbas
Marble 15 quarried in the Caucasus the Urals the Carpa
thians and harelia

In the Urals Yakutia, the Crimea and the Caucasus
there are deposits of well defined calecite crystals Ideal-
ly transparent calcite crystals were first de.cribed 1n Ice
land, hence their name—Iceland spar

Aragonite [CaCO,] as distinet from calcite crystal
Lises 1n the orthorhombic system It often forms dense sinter
clusters and less often oolite concentrations and acrcular
crystals It 1s distingmshed from calcite by a somewhat
higher hardness (3 5 4) an indistinct cleavage and crystal
shape It precipitates from hot water springs the shells
of mollushs are formed from 1t

Magnesite [MgCO,] 18 a rarer mineral than caleite or
aragomite Compared with calcite 1ts hardness and specif
¢ gravity are somewhat higher It 1s used 1n the manu
facture of fire proof brichs and cement There are large de-
posits of magnesite 1n the Urals

Dolomite [MgCO, CaC0,;] 15 a widespread mineral of
complex composition It 1s colourless or white but often
due to accidental impurities 1t 18 greyish or dark It of-
ten forms beds of considerable thickness Hardness—3 5-4
Specific gravity—1 8 2 9 Only powdered dolomite reacts
with hydrochloric acid

Siderite [FeCO,] 1s a brown yellow or brown minecral
with a vitreous or dull lustre It has a hardness of 3 5-4 5

and a specific gravity of 37 3 9 When 1t 15 free of 1impun
ties 1t 1s an excellent 1ron ore

Malachite [CuCO, Cu(OH),] 15 a widely occurring mine-
Tal with a 57 4 per cent copper content It crystallises
the monoch

aic system but crystals occur rarely It s
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usually found as thin radhal growths compact or sinter (ren:
form) concentrations with a convergenco zonal structure
wnd a radial fibrous texture of separite Iayers and zones
It 15 often found i the form of <clvedges 1ncrustations and
carthy clusters Its colour varies from bluc-green to dark
green It has a sithy lustre IHardness—3 5-4 0 Spectfic
gravity —3 94 1

Malachite 18 a seccondary mineral of the oxidation zone
of sulphide copper deposits which occur 1n Limestones and
other carbonate rochs

It 13 a valuable commerctal copper ore but as a rule
the deposits are not large Beautifully patterned malachite
1s a valuable industrial stone for docorntive objects

Aourite [2CuCOy Cu(OH) ] crystallises in the monochnie
system It 1s found in cryetnls grained and carthy clus
ters incrustations fine cavity fillings and so forth The
colour of azurite erystals 1s 1 deep dark blue Larthy clus
ters called copper blue have a bright or lLight blue col
our Crystalline azurnite has 2 vitreous and carthy dull
lustre Hardness—3 5 4 Specific gravity—3 7 3 @ The cleay
age 18 medium 1n one plane Azurite dissociates freely when
it 15 oxirdised and lLiberates carbonic acud gas

It 1s a typical mineral of the zone of oudation of copper
deposits and forms during the weathering of chalcopyTite
bornite grey copper ore chalcocite covellite and other
copper sulphides Malach:te 1s the most usual companion of
azurite Azurite 1sused 1in copper smeliing and 1in the manu
facture of blue paint It does not form large accumulations

Sulphates

The majority of sulphates are rock forming minerals of
sedimentary rocks Their formation 1s the result of the pre
cipitation of the salts of sulphurhic acid from surface wat
er or they are products of the oxidation of sulphides

Gypsum [CaSO, 2H,C] is one of the principal rock form
ing mmerals of sedimentary rocks It 1s frequently found
in well defined erystals of the monoclinic system Some
times 1t occurs in columnar and scaly formn not infrequently
a5 twin crystals (Fig 13} but most often as compact masses
The cleavage 18 perfect Hardness—2 1t can be scratched
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castly with a finger nul  Specfic  grs
1ty —23  Ture svarties ol gypsum arc
colourless  <ometunces gypsum 15 whitc /l
grey  blue or pink It 1s transparent or trans
lucent It has a vitrecus and mother of pearl
lustre Gypsum crystals with a fine librous
structure are called selenite
At a temperaturc above 100°C gypsum lo<es
a part of 1ts water and turns into semihydrate

[Ca50, 1I’EE(}] The latter1s ground into flour \\

which aiter the addition of waler becomes o
paste and quickly consolidates, hiberating bz 18
keat as it does so Thanhs 1o this gypsum  Swallow tail
is used 1 medicine for plaster of Paris ban  gypsum twin
dages 1 the manufacture of cement in
architecture, sculpture and other fields It 1s also of
great importance in the chemical industry Gypsum depaos-
1t3 oftcn adjoin deposits of rock salt

Anhydrite [CaS04 ] crystallises in the orthorhombre system
It 15 usually found 1n the form of compact fine grained clus
ters Though it 13 generally whate 1t sometimes has a faint
bluish or greyish tint It has a vitreous and mother of pearl
lustre Arnhydrite 1s transparent but more often 1t 1s trans
lucent The cleavage 1s perfect and medium 1n two planes
Etﬂ?‘]ﬂ angle of 90° Hardness—3 35 Specific gravity—

Plhosphates

Apatite [Cay(POL)CaF ) {CaCl,)] 15 the most widespread
mineral of this class It crystallizes in the hexagonal sys-
tem 15 usually found in the form of fine gramned clusters
seldom as <eparate erystals m the shape of hexahedral
prisms [ts colour varies from white to brown while large
crystals are frequently pale green or greenish blue yellow-
1sh violet red or brown It has a vitreous lustre on its
faces and a greasy lustre on fractures The cleavage 18 1m-
perfect Hardness—5 Specific gravity—3 2

It 13 very important as a raw matenial for fertilisation
It 15 found chiefly 1n sedimentary rochs but there also are
apalites of magmatic and metamorphic orgin
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structurc 18 associnted wath Jamellar crystals an eminent
cleavage in one plane and alow hardness All laminated sil)
cites erysiallise in the monechnie system From the chem
¢l pont of view hike amphiboles they are characterised by
the presence of the OH hydroxy! group

First and foremost among lamunated <ilicates there are
the mincrals of the meca group which are typeal of mag
matic and metamorphic rochs Mica crystils are tabular
Micn 15 casily sphit along 1ts cleavage into extremely thin
Llastic sheots (Iig 13)

Muscorete [KAl (OH) (AlS1,04)] 15 usually colourless
and often has a green or pale jellow tint It has a vitreous
mother of pear]l lustre It 15 transparent thanks to which
1t w1s formerly used instoad of glass 1in windows The cleav
ape 15 eminent 1n one direction the shioets are elastic
Hardness—2 3 Spectfic gravity—2 7 3 Muscovite1s chiefly
used 1n the clectnical cngineering industry as an 1nsu
lating material Commercial deposits of muscovite are
linhed up with pegmatites

Western Durope used to 1mport this mmneral from Mus
covy where the deposits were worked as far back as n
the Muddle Ages Hence the name

Dwotite [W({Mg e}, (OHY, (AlS140,,)] diffcrs from mus
corvite by 1ls brown or black colour wealer transparency
(1t 1s only translucent) and by a somewhat higher specific
gravity (3 31 ) When black mica 1s weathered 1t acquires
a bronze tint

Tale (Mg, (OHY (81,0,0)] 15 found 1n compact foliated or
scale clusters separate crystals are very rare It s white
pale green bluish green or silvery It often has a mother
of pearl lustre which turns dull 1in compact clusters The
cleavage 15 eminent 1n one plane The lamellae spht along
the cleavage are flexable and non resihent Tale 13 greasy
to the touch Ilardness—31 Specific gravity—27 2 8

Tale forms as a result of the metamorphism of magnes:
um rich silicates particularly of olivine pyroxenes and
amphiboles Thanks to 1ts softness and eminent cleavage 1t
15 used for lubmecation Soapstone (a massive varnety of
talc) 15 used as a refractory material

Serpentine [Mg,(OH), (51,0,,)] 15 commeonly found 1n
compact masses and occasionally 1in the form of sinter ¢lus

B2



ters only one varnety of serpentine—antigorite——1s known
to have crystals The colour varies from whitish green to
black green The colouring 1s frequently arranged in 1rreg-
ular spots hence the name (from the Latin-—serpens) It
has a vitreous greasy lustre (leavage 18 only observed 1n
antigorite Hardness—2 b 4 Specific gravity—~252 0 Ser
pentine forms 1n the course of the metamorphism of basic
rocks

A thin fibrous variety of serpentine 15 called chrysotile-
asbestos It 18 white and sometimes green yellow It has
a silky lustre Hardness—2 3 This mineral sphts into
snow white thin flexible fibres and 1s usually associated
with fissures, standing out in the form of veins against a
bachground ol compact serpentine

Aaolinite [Al,(OH); (514040)] 1s found 1n compact and
earthy clusters The erystals are very small and can be
studied only under a macroscope It 1s white and in the
smallest crystals 1t 13 colourless It has a dull lustre The
fracture 1s earthy Hardness—1 Specific gravitv—2 6 It
15 greasy to the touch In a dry state 1t easily absorhs mois
ture and becomes plastic

In contrast to silicates {described above) kaolimite forms
prineipally on the surface of the Earth during the weather-
mg of alumos)licates chiefly micas and feldspars (see
helow)

Several mincrals of similar composition and represent-
mg mixtures of two compounds-—~Mg;(OH)s(51,0,,) and
Mg,AL(OH), (ALS: O,0) 1n which Mg#* replaces Fc?+—are
part of the chlorite proup Chlorites are found in the form
of compact or scaly dark green clusters They have a mother
of pearl and wvitreous lustre Hardness—2 25 The cleay
age 1s emunent in one plane Like micas chlontes split

Engnzsgales hut they are not elastic Specific gravity—

The formation of chlomtes 1s linked up chiefly with met-
amorphism

(rlauconite 1s similar 1n composition to ferruginous mi
CAas (lepldnmelane) from which 1t 15 distinguished by 1ts
smaller K0 content and higher water and iron content
The crystalline structure of glauconite bas been hittie stud-
ted It s found 1n the form of small spheroidal rounded
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granules tn beds of <edumentary rocks of marine origin
Its colour varies from green to dark green It has a dull
lustre Iardness—2 3 &pecific gravity—2226

Glaucontite 13 used as a potassic fertiliser as green paint,
and for =oftening hard water

Complex tectocrystalline structures are obtained wlien
there 1s a spatial ink up of silico oxygenous tetrahedrons
In tectosilicates a part of the sitlicom is always replaced
by aluminium and therefore all of them are alumosilicates
Among mincrals possessing thus texture feldspars are the
most wideepread

Peldspars crystally ¢ in the trichinic or monoclinic sys
tem They are brightly coloured have a 66 5 hardness
a vitreous lustre & medium and perfect cleavage mm two
]I}l5ﬂl'lLE at an anglc necar to 90 and a specilic gravity of
2027

They are divided 1nto two subgroups 1n accordance with
their chemical composition a) soda potash feldspare or
anorthoclases and b) hime soda feldspars or plagroclascs

Orthoclase [W(AlS1304)] 15 the most widespread minera’
of tho first subgroup it always contuns a certain amount
of Na,O as an impurnity It erystallises in tabular crystals
of the monoclinic system It 1s an essenlinl constitnent
of several magmatic vein rochs and metamorphic rocks
Its colour varies from ncarly white to different tints of
pink yellow and blood red Cleavage—in two planes at
an angle of 90° (hence the name orthoclase from the
Greck orthos [straight] +4-Alasis [fracture]) in ome plane
the cleavage 15 perfect and 1n the other 1t 1s medium Hard
ness—0 Spectfic gravity—2 o

A mineral of the same composition but which crystal
I1ses 1n the triclinie system 1s called microcline (meaning

shghtly deflected ) The angle between the planes of
cleavage of this mineral 15 20 smaller than a right angle
Outwardly microcline cannot be distinguished from or

thoclase and can only be 1dentified if 1t 1s bright green or
blue green The latter variety 15 called ama.onite Com

mon potash feldspars (orthoclases) are used 1n the glass

and ceramics 1ndustries
A plagieclase subgroup consists of minerals that are

a hard solution of two molecules of Na(AlSi1,0,) and
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Ca({Al,51,0,) mixed 1n any ratio thus forming a series of vom
pounds (1somorphous mixtures) with continuously changing
composition and properties The extreme members of this
series of minerals are called albite (sodium aluminium sil-
cate) and anorthite (calcium aluminium stheate) Between
them are oligoclase andesite labradorite and bytownite
all of which contain sodium and calcium molecules 1n differ-
ent ratios

Plagioclases are the ingredients of several magmatic
and mctamorphic rocks All plagioclases crystallise 1n the
triclinic system Scparate crystals are seldom found Com
plex twinning of erystals 1s a characteristic feature of pla
gloclises This can often be seen on the surface of large
crystals m the form of a fine parallel striation

Macroscopically plagioclases differ slightly from each
other and form soda-potash feldspars In some cases 1t 1s
possible to distinguish plagtoclase from minerals of the
orthoclase subgroup by 1ts colour which 1s hight grey or
greemish grey while the latter are pink or vellow There
13 also a difference mn the arrangement of the cleavage
planes which in plagiocla<es form an angle of 86°24 86 50
hence the name from the Greek plagios (oblique)-+kilas:s
(ffﬂﬂture) The twin striation mentioned above sometimes
makes 1t possible to identify plagioclase In many cases
11 15 almost 1mpossible to differentiate between orthoclase
and plagioclase with the naked eye and in field conditions
there 15 no alternative but to identify the mineral simply
as feldspar

The composition of plagioclase can be quickly and accu
rately determined with a polarising microscope fitted with
a Fyodorov umiversal stage this 15 known as the Fyodorov
method

Minerals of the feldspathord group duiffer from feldspars
0 that they have a smaller content of silica, and therefore
replace the latter as it were 1n alkaline rocks which formed
from magma with a low silica content

Nepheline [Na{AlS10,)] erystallises 1n the hexagonal sys
Lﬁﬂl [t 15 grey green grey Tred grey to red-brown and

100d red The fracture 15 uneven and has a greasy Justre
'L];he cleavage 15 imperfect Hardness—G Specific gravity—

b Nepheline 1s never found together with quartz
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It 13 a rock forming mineral tahing
partin the formation of alhalinerochs
It 15 used 1n the ceramucs and glass
industiries and as a source of alumin
m oxide sodium carbenate and
<0 on
Leucite {k(AlS) O,)] crystallises in
the cubtc system It 18 wusually
found as regular crystalline pheno-
crysts in the form of tetragonal trioc
Fig 20 Leuaite crystal tqhedrons {(F1g 20) It 1s colourless
winteor hight grey and has a vitreous
and faintly greasy lustre The frac
ture 15 uncven conchordal Hardness—5 6 Speecifie gray

1ty-~245 209 Leucite can be used as a potassic raw
matcrial

GENLRATI INTORMATION ON ROCRS

Itochs of which the Earth s crust 18 composed are ag
gregations of minerals of more or less constant compos:
tion

A rock may consist of one or several minerals Examples
of monomineral rock are marble which consists of erystal-
line grains of calcite quartzite which consists of only
one mineral quartz and gypsum But 1n nature we most
often find polyminecral rocks for instance granite which
consists chielly of quartz Ieldspar and biotite and sye
nite which consists of feldspar hornblende and mica

In view of the numerous minerals that are known to exist
in the Earth s crust there should have been an infinite
number of rochs Actually however there are much fewer
rocks than minerals The reason for this 1s that rocks form
indefinite physico chemical conditions related to a definite
stage of the geological process Only a strictly lrmited num
ber of minerals existing in stable equilibrium can form
under given conditigns

We can single out the principal rock forming minerals
that form rocks and determine all their properties, and
atresyory manetals whose prezente of sbsencs does not alter
the nature of a rock
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Besides their mineralogical composition  rocks are
distingmished from each other by their structure and
texture

By the term strucfure, we mean the structure of the min
eral aggregate 1e the degree of crystallimity the shape
of the crystals and the si1ze of the mineral grains of which
a given rock 1s formed The structure depends on the con
ditions 1n which the rock 18 formed The composition of a
rock 1e the arrangement of the minerals of which 1t 15
composed 1s hknown as 1ts texiure

According to their ortgin all rocks are divided into three
groups

magmatic rochs which form when chilled magma crystal
lises

sedimentary rochs, which form on the Earth s surface
as a result of the destruction of earlier rocks nd of the
subsequent mechanical or chemical deposition of the prod
ucts of this destruction, and also thanks to the vital actyv
1ty of plants and amimals

metamorphic rochs which form at the expense of magmat
1c or sedimentary rocks under the action of high tempera
tures and pressures and alse thanks tothe addition of diifer
ent gaseous substances which emanate from a neighbouring
magmatic chamher

We shall now discuss the characteristics of the most
widely occurring rocks

Magmatic RocRs

Depending on the conditions, m which magma sclidifies
magmatic rocks are divided 1nto two proups deep seated or
intrusite rochs, which formed during the solidification of
magma deep 1n the Earth 8 erust and effusize rocks which
owe their formation to the solidification of magma poured
oul or e¢jected to the Earth s surface 1e lava Moreover
there 13 an 1ntermediate group of e abys<al rocks which
were formed during the solidification of magma near the
Larth s surface

Tie mineralogical composition of intrusive and «offusy
rocks depends on the chemncal composition of magma
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All magmatic rocks are divided into four groups depend-
ing on the percentage of silicon oxide in them acid rocks
with a 6575 per cent content of S10, average igneous
rochs with a 95 §o per cent content of S10, basic rocks
with a 45 55 per cent content of S1Q and ultra basic rocks
with a 510 content of less than 45 per cent

There 15 such a considerable quantity of silica in acid
rock that the surplus is exuded 1n the form of quartz In
average igneous rochs the quantity of silica 158 equal to
the quantity of cations and therefore there 1s usunally
no quartz at all or only a small quantity of 1t 1n thesc rocks
In basie rocks the quantity of silica 18 less than the quan
titv of cations These rocks contain minerals of the silicate
group which have a relatively small silicon oxide content
and also olivine Lastly n the ultra basic group the quan
tity of silica 15 very small Minerals with a poor silica con
tent mainly olivine and pyroxenes predominate mn these
rocks

Magmatic rocks differ from each other as regards therr
structure and texture this being due to the different physt
co chemical conditions that obtained when they were™ formed

In deep seated layers of the Larth magma selidihes slow
ly as the temperaturc and pressure gradually drop and
volatile substances (mineralising agents) stimulating crvs
tallisation appear This results in the formation of rocks
consisting entirely of crystals re  with a holocrystalitne
structure

When magma pours out to the Earth s surface in the
form of lava the temperature and pressure drop sharply
and this causes a decrease i1n the amount of mineralising
agents 1e conditions unfavourable for crystallisation are
created This results 1in the formation of a rock with a glassy
structure or a micracrystalline rock mass whose crystals can
he seen only under microscope This 15 known as an apha
nitic structure Moreover a porphyrific structure whose
features are the presence of phenaocrysts of se parate relative
1y large crystals against a general bachground of a fine
gramned body of rock 1s al o typical of effusive rocks The
reason for the appearance of this hind of structure 1s that
as magma rises to the surface separate minerals have
the opportunity to effloresce nlhile the basie rock mass
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solidifies quickly after lava emerges to the Earth s surface
(Fig 21)
A porphyritic structure and less often microcrystalline
and aphantfic structure are characteristic of sem) abyssal
ks
milagmatm rocks have mainly a massize or compact tex
ture which we find 1n intrusive and effusive rorks or a

"y, 21 Porphyrite Poarphyritic strugture

porous texture whieh 1s due to the precence ol gases in the
solilified magma (this s a feature of effusive rocks only)

The conditions in which rocks formed can thus be deter-
mined by their structure and texture

The colour of a rock which 15 determined by the ratio
of bright silicates (feld.par) and dark sihicates (ferromagne-
513111) 15 a very mmportant disgnostic feature of 1gneous
rocks

In determiming magmatic rocks 1t 15 essential to be able
to estimate the specific gravity of these rocks hy weighing
them in the palm of your hand here the specific gravity
ranges from 2327 for acid rochs to 31 3 25 for ultra
basic rocks

Macroscopically magmatic rochs can only be wdentified

approximately in a general way to obtain exact data one
needs a microscope
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Principal Magmatie Rocks

(after A lavlov)

Table 3

gLlicates

AcldlLy Rocks with brlght Rocks without
510, Inlieatopr [|DAark coloured [—— — brighbt
Acldity mineral allicates with with with sillcates
l- l orthoelase nepheline plagloclose
%1l rocks G 75 \ Quarlz Biotite Lipanie |  Dacitc
Qe.mr!z | Quariz
Hornblende| porphiry | porphyrite
Avgite Gramte QQuartz
‘ diorite* [
Avirage w b Hornblende | Trachyte | Nepheline | Andesite
icneous Biotite Orthophyre | syemte** | Porphyrie
ro ks | 1 Augite | 5 EEIIE 1 Diorile |
Ba 1o rocks 40 09 | Augite | Basalt
Hornblindoe Diabase
Gabbro
Ultra basic < 40 Olivine Augite Dumfe
rachs Peridolile
Pyroxenite

* Notwubslanding sizableamount of free quartz in the q1artz diorite and 1ts effusive analogues the per

contage ol silivon oxide 1s small fabout 63 per ceal

rochs A small percentage of «ilicon oxide indicates the presonce of basie plagioclase 1n tho quartz
** “cphiline syenite and its effusive analogues are  according

an 1ndepindoent group of alkaline rocks containing about 50 per cent silicon oxi

} this brings quartz diornle close to average 12neous

1worite

Lo prisent d::ly views separated nto
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A table of principal magmatic rochs (Table 3), which 1s
a useful aid 1n 1dentifyang them macroscopically has been
compiled by the Soviet Academician A Pavlov

With this table magmatic rocks are 1dentified as follows

{ Determiming a rock s acidity A rock containing
guartz {S$10;) can be elas=ified as an acid rock (Column J)
A rock contaiming olivine [(Mg Fe); 51041 can bhe classified
as an ultra basic rock

The 1dentification of average 1gneous and basic rochs
1s somewhat mare complicated These rocks may centain
hittle or no quartz or olivine at all In the latter case one
has to distinpmsh these rocks by their colour in average
1igneous rocks there 1s a predominance of hght-coloured
minerals or an uncrystallised ground mass while 1 hasic
rocks the predominant colours are dark This conforms with
the general law poverning the distribution of colour 1n mag
matic rochs among which a gradual change from lLight to
dar}lf 1s observed as we run down from acid to ultra basic
rocks

2 Identification of a Light coloured mineral 1n a rock s
composition allows us to place 1t 1 Column 5 6 or 7 of
the table piven above Rocks which do not contain light-
coloured minerals are placed i Ceolumn 8 Where rocks have
a cryptocrystalline or apbanitic structure 1t 1s hard and
sometimes 1mpossible to 1dentify a light coloured mineral
visually

3 When we have determined a rock s acidity and have
1dentified a light coloured mineral in 1t we shall find that
this brings us to some square of the table For example
identification of an average igneous rock contaimning pla-
gioclase brings us to the square with three rock denomina-
tions andesite porphyrite and diorite All these rocks formed
from one and the same magma and have a similar com-
position Their difference 1s determined by the conditions
1n which magma had solid:ified

The rocks named 1n the table in bold type are abys<al
(lntruswe) rochs those named 1n conventional t}rpe and
i 1talics are effusive rocks semi-abyssal rochs are also
named 1n italies

4 Identification of the struetvre of a rock allows us to
classify 1t cither as intrusive or effusive If the rock 1S 11
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tru ne  1ts pame 1S determimned at once (1n our example—
diorite) if 1t 1s effusive the identification 15 continued

g T'he degree of alteration of effusive rocks leads to es
sentral distinctions in their texture and partly 1n thermr
mineralogical composition thus enabling us to single out
iresh looking, msignificantly altered neofype rocks and
greatly altered paleotype rocks The former are named In
the table mn conventional type the latter in 1talics

The texture of neotype rochs 1s usually porous and that
of paltotype rochs—~compact M there are crystalline phen
ocrysts 1t may be noted that in paleotype rocks they have
been greatly disintegrated (light coloured silicates change
imfo haolinite) Due to various chemical reactions the
colour of the ground mass ﬁEf]hEﬂﬂ} changes as well be
coming darker 1n paleotype rocks

0 Colun n 4 names the dark-coloured silicates occurring
most frequently 1n groups of rochs of a definmite acidity
They are arranged from top to bottom in the order of their
predominance 1n one group or another Thus 1n acid rochs
biotite 1s the most common while hornblende occurs l¢ss
frequently and augite still less frequently

The 1dentification of magmatic rocks may be considerid
as {omplcte when the characteristics of the dark coloured
minerals have been determined

It should be borne 1n mind that only the most typieal
rocks are listed in the table In nature there are many rochs
which by their composition are trapsitional between the
rochs in the table

lhe commonest of these are described below

Ultra-Basic Rocks These are mtrusive holocrystalline
formations They have a high speeifie gravity (about 3 20)
which 15 due to their mineralogical composition QOlivino
and pyroxenes are the miperals forming ultra basic rochs
These rocks contnin practically no oth~r minerals of the sily
cate class Peridotite pyroxenite and dumte are representa
tives of this group of rochs

Peridotite consists basically of olivine There 15 also n
sizable quantity of pyroxenes

Dunite consists hasically of olivine chromtte and mag
netite are present in mall amounts This rock often con

fatns native platinum
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Pyrozenite—pyroxenes are the domnant minerals, ol1
vine 15 present 1o a emall amount Peridotites and P¥Ioxo-
nites usually contain wron chromium and nickel ores

Basic Rocks Pyroxenes faugite) and plagioclases {close
to anorthite, often labradorte) are the principal minerals
forming basic rochs 1n eddition hornblende and less often,
ohvine may he present Dark-coloured minerals give the
rock 1ts darlh hue, the dark grey grains of plagioclases
standing out against this dark background Gabbro basalt
and diabase are representatives of this group of rocks

Gabbro 1s an intrusive holoerystalline rock consisting
of dark pyroxene {augite) or hornblende crystals and light-
coloured plapioclase crystals The latter are often repre-
c<ented by labradorite which shows a beautaful play of
blue and green Labradorttite which consists almost en
tirely of labradorite 1s a variety of gabbro Gabbroid
rochs are linked up with titano magnetite and copper de
posits

Basalt and diabase are effusive analegues of gabhro

Basall1s a black rock with a cryptocrystalline or micro-
crystalline structure In this rock there 15 usually a non
crystalliced glassy mass side by side with small crystals
of augite plagioclase and olivine Against the dark back-
ground of this mass augite and olivine stand out 1n the
form of small occasionally dotted shiming phenocrysts

Diabase has the same structure and mineralogical compo
sition as basalt but on account of secondary changes a part
of 1ts components—olivine pyroxenes and amphiboles—
tran<forms i1nto green hornblende, serpentine and chlorite
this gives the rock 1ts dark greemish grey hue

Average Ipneons Rocks In average 1gneous rochs there
ar¢ more light coloured than dark coloured minerals Of
the dark silicates, the most typical are biotite hornblende

and, less frequently, augite This ratio of minerals gives

average igneous rochs their light colour against the back-
ground of which dark hued phenocrysts stand out

Diorite 1s an intrusive rock with a holoerystalline strue-
ture Light coloured minerals are represented by plagio-

clases (from andesite to oligoclase} to which the rock owes

1its hight grey or green grey colour, that forms a bachground
for crystals of dark minerals chiefly hornblende Some
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horites mpy contmin quaetz ih which cas they are called
quart. dioriter Commercial doporits of liad zine and eop-
por sulphides are ofton Jinked op with disritce Skarn iron
ores are formed where diorites arc in conlact with lime-
“lones

L fInddse pnaloprs of diorite are andesite and porphy
rte and tho « of quartz diorite are dacite and quartz por
phy rite

Indestte hus a porphyritic structun The cryptocry~
talline ground mass s porous and of a light gry or
hipht brown colour Shiming, phenoerysts of modinm pla
fiocly 9 {andesite) hornbloinde or aup it froguently stand
ott

Porphyrite has the same structure and mtneral compos
tion a3 andesste and is tha Iatter s palcotype analogue
Porphyrnite has a morc compact tcxture the colour of the
ground ma s 19 doarthor and the plagroclise phenoecry ts nro
In o worse stale of preservation wath the rosalt that they
frequently lose thar satreous Justre and acquire an carthy
racture

Syentte 13 an intrudive roch Ite principal minerals aro
soda potnsh feldspars {orthoclase and microching) and to
n lcsser extent lhornblende which 33 partly replaced by
biotite and occasionally by augite Its «tructure 13 holo
crystalltne usuaily mcdiem grained

[rachyte and orthophyro are Jffusive analogues of sye
nite

Trachyte 13 a hight yellow or pinkish porous rock wath
n porphyritic structure Crystalline phenocrysts are rep
rusented by «anmudine a shining water transparent variety
of orthoclase and occasionally by darh colourcd minerals

Altkaline Rocks These rochs are chiaracterised by a rela
tively low content of silicon oxide (40 w0 per cent) and o
constderable content of alkalis (up to 20 per cont)

Nepheline syenite 1s a bright coarse gramned ntrusive
rock  Its essentin]l components are alkhaline feldspars and
nepheling the latter being casily 1dentified by the uneven
fracture and the dull or faintly greasy lustre Of dark col
ourcd minerals this roch contains alkaline ampluboles

and pyroxenes
Effustve analogues of nepheline syentte oceur very rarely
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Acid Rocks All acid rochs are characterised by the pres
ence of nuartz and large guantities of feldspars (ortho
clase), which give the rochs a ight colour and account for
their low speeafic gravity (about 2 7)

Granite 15 an 1ntrusive rock with a holocrystalline, usu-
ally medium grained or occastonally coarse- or fine grained
structure Here the roch formung minerals are quartz com
mon potash feldspars {orthoclase and microcline) less ire-
quently acid plagioclase and one or several dark coloured
minerals—otite, which 10 some varieties 1s replaced by
ruscovite less frequently hornblende and still less fre
quently pyrexene (augite)

In a quantitative respect the leading role 1s played by
common potash feldspars which are sometimes partially
repiaced by plagioclase Yeldspars are eisily distingmished
by their cleavage vitreous Iustre and colour which 15 usu
ally red white or greyiwsh yellow Quartz 1s present n
the form of colourle s or smoky grey (up to black) grains
of irregular shape with a greasy lustre and an uneven or
conchordal fracture If together with biptite gramite con-
tains muscovite 1t 1s called binary granite

Under the influence of hot wvapours and velatile com-
pounds penetrating along fissures from a magmatic chamber,
granite may transform inte a feldspar free gquartz micaceous
rock called greisen This rock 15 linked up with deposits
of in fungsten and, less frequently of molybdenum and
ATSEnIC

Effusive analogues of granite are lLiparite and gquartz-
porphyry

Liparite has an aphamitic or porphyntic structure The
light coloured frequently white glassy or aphamitic ground-
ma 8 contains sparse feldspar, quartz and bictite phen
ocrysis

Quart. porphyry 15 a transformed liparite and has a com-
pact more or less dark (brown brown red brown vellow
or greyj} ground massimpregnated with greatly di.antegrated

orthoclass and shiny quartz erystals Phenocrysis of d-rh
minerals are seidom present

Besides the rochs named 11 A Pavlov's table and de

seribed above mention must be made of a number of other
rocks whose formation 13 hkewisp associated with magma
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Pegmatites are vemn rocks that formed during the last
stage of the solidification of magma enriched with volatile
substances Pegmatites associated with acid granite magma
are the most common They are distinguished by their macro-
crystalhne structure 1n some cases clongated crystals of
quartz and fcldspar are intertwined with the result that a

Fig <2 Peomatile (graphic granite)

pattern reminiscent of ancient Incroglyphs appears on the
cleavage faces This variety of pegmatite 18 called graiphie
granite (Fig 22)

Pegmatites consist chielly of feld<par and quartz though
they may also contain mica These rocks are linked up with
deposits of feldspar mica and guartz as well as of many
rire and radioactive minerals

Obsidian or wolcamic glass 15 a homoegencous crystal
free mass of different chemical compaosition The most
common obsidians toolh shape during the coohing of acid
lava They are usually of 1 dark colour (up to black) and
have & vitreous lustre and a conchoidal fracture

Pumice s a porous non crystailine rock which formed
during voleanic eruptions of gas rich magma Decause of
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its porous structure pumice has a very low specilic gravity
(it floats 1n water)

Alsgp owing their formation fo volcanic eruptions 15 a
group of rochs known as pyroclastic rochs When volcanoes
erupt tiny particles of molten Java rock and mineral debris
are ¢)ected into the air together with water vapours and
gases Loose accumulations of such particles lorm wolcanic
ash or toleanic sand (depending on the size of the particles)
Larger fragments known as lap:lli (small stones) and tol-
canic bombs are also ejected Cemented volcanie ash and

sand form a compact roch called tolcanic tuff which often
contains larpger fragments

Sedimentary Rocks

As distinet from magmatic rocks sedimentary rocks are
formed on the surface of the lithosphere surface as a result
of the action of water, air or the orgame kingdom

While the nterior of the lithosphere consists almost
entirely of magmatic rocks 70 per cent of 1ts surface mass
15 composed of sedimentary rochs The sedimentary mantle
15 10 general not thick In spme places 1t 1s only several
score or hundreds of metres thick but in certain areas of
the Larth s crust sedimentary rocks reach a thickness of
15 20 kilometres

These rocks occur 1n a loose state and also 1n a compact
or solid state Loose rochs are either dry, as for instance

sand or hEl'ﬂg cnmpant 1l 3 dr}r stote I‘Eadlly absorb
molsture as for instance, clay

Sedimentary rocks may he cither loose or cemented

or example sand may turn inte sandstone and gravels
may become conglomcrate In the ca<e of cemented rochs
the composition strength and density of the cementing agent
should be determined The composition of the cementing
agent may vary Mostly it 13 composcd of different chemical
Compounds precipitating from the water circulating be
\ween fragments Itmay be a)ecaleiferous whichisidentified
by reaction with hydrochlorie acid b) sihicic whach 15 1den
tified by 1ts great hardness and sometimes lustre c¢) ferri-
ferous which 1s 1dentafied by g characteristic yollow red
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or brown colour and by a high speeific gravity d) clayey
which gets oaked quite easily and so forth

It 1s of great practical importance to determine the po
rosity of loose sedimentary rocks which shows the degree
these rochs are permeable by water o1l and so on

Porosity varies with the type of roch For e¢xam ple, In
the ca<e of sand porosity varies from 28 to 40 per cent

Fiz 23 Stratilication of sclimentary rochs

the average being about 30 32 per cent an clays st ofien
exceeds 50 95 per eent Some hard (monolithic) rochs are
al o porous but their porosity i considerably lower for
in tance 1n lime tones

\Inny =scdimentnaey rochs are stratified The formation
ol a laycr 15 connected with the conditions of cdimentation
A lLight change in the e conditions leads to changes 1n the
dipe 1ted matenial an outnard momfestation of this 18
the appearance of diffircnt Jayers (Fig 23) 1n a roch The
laycrs are distingut hed from cach other by the compodl
tion, the size colvurand den 1ty of the structure of the min
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eral grains ln some cases, all these features exisi sumul
taneously, 1 e the composition, colour size of grains and
density of ong layer differ from those of another

Depending on the conditions of scdimentation, we can
differentiate between normal (homzontal or nearly horizon-
tal), cross diagonal and other beddings There are sedimen
tary rocks in which no stratification 15 observed for 1n
stance, limestones deposited 1 the sea as a result of the
vital activity of reef building corals and plants

On the basis of their origin, sedimentary rochs are di
vided 1nto three main groups

J fragmentary or clastic rochs which owe their for
mation to the mechamecal disintegration of rocls and the
accumulation of roch fragments

2 chemical rocks which were formed through the pre
cipitation of substances from solutions

3 organogenic rochs which took shape as a result of
the vital activity of organisms

When as in tho case of magmatic rocks sedimentary
rocks are 1dentified attention should be paid to their miner-
alogical composifion and structure The mineralogical com-
position 18 an 1ndicator of only chemical and organogenic
rochs clastic rocks may contain fragments of a vartety of
minerals and rocks The make up of sedimentary rochs 1s
shown by their structure which 1s defined chiefly by the
size and shape of the fragments or crystals, and by the
texiure 1e¢, the arrangement of these fragments in the
Yo

A description of the most common sedimentary rochs
15 given below

Fragmentary Roels

According to the size of the fragments 1n them these
rocks are divided into the following groups

a) rudaceous or psephitic rocks consisting of fragments
with a diameter of over 2 mm

b) arenaceous or psammitic rocks consisting of frap-
ments with a diameter of from D05 to 2 mm

¢} micro-fragmental or powder rocks (aleurste) consist
Ing of fragments with a diameter of from 0 04 to 0 05 mm
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d) fine Ifragmuental (argillaccous pelitic) rochs consist
10g of fragments with a diametcer of less than 0 01 mm

several classilications of clastic rochs 1n wlhich the
above mentioned sizes of the fragments slightly vaned
have been proposed

Iudaceous or Psephitic Rocl s

These rocks consist of fragments with a diameter of from
2 millimetres to several metres Depending on the size and
shape of the fragments and on the texture they are clas
sified as follows

Blochs—angular fragments with a diameter of over 100
millimetres

Roch vaste—angular fragments with a diameter of Irom

10 to 100 millimetres

Landu aste—angular fragments with a diameter of from
2 to 10 millimetres

Boulders—rounded rolled fragments with a diameter of
over 100 millimetres

Pebbles—rounded rolled fragments with a diamecter of

from 10 to 100 millimetres
Gratel—rounded rolled fragments with a diameter of

from 2 to 30 millimetres

Rocks consisting of cemented urnrounded fragments are
called breccia 1f the rolled fragments are cemented together
the rock 1s called conglomerate

When 1dentifying psephitic rocks attention should be
paid ta 1) the composition of the fragments 2) the shape
of the fragments 1f they are rounded their shape should
be studied in detail because this will help to elucidate
their origin (for example marine pcbbles are usually flat
while river pebbles are egg shaped) 3) the size of the frag-
ments 1f the rock 1s composed of fragments of dilferent
size the range of the diameters and the dominant size should
be indicated 4) if the rochs are cemented attention
should be paid to the composition denstty and strength of
the cementing agent
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Arenaceous or Psammitic Rocks

Sand and sandstones which are very widespread, are
arenaceous rocks

Sands are lagse or compact rocks conwisting of fragments
with a diameter of from 0 05 to 2 millimetres In sandsiones
fragments of the same =1ze are cemented together

Depending on the size of the fragments sands and sand-
stones are divided 1nto coarse sands coarse grained sands
medium grained sands fine sands and fine-grained sands
I'or the composition of the fragments 1n them they are often
quartzose because chemically quartz i1s the most stable
mineral Grawns of feldspars mica, glauconite carbonates
and other minerals may be mixed with the quartz grains
If one of these minerals predominates in the roch the pame
of this mineral 1s added to the word sand (for example
glauconitic or green sand, micaceous sand, quartz sand
feldspar or arcose sand) Depending on the composition of
the cement sandstones can bhe called ferruginous calcar-
eous stliceous and so on

Sands and sandstones are identified mm the same way
a3 psephitic rochs

Microfragmental Rocks

Loess and loes< like loams are typical representatives
of the=e rocks

Loess 15 light jellow or straw yellow rock composed
chieflly of G 04-0 05 millimetre quartz and feldspar particles
with an admixture of clay particles and lime The latter 1s
pre<ent 1n rock either in the form of small, rounded particles
(lime nodules) or m the form of diffuse dust, eather of which
can be easily dctected with the aid of hydrochlorie acid
which causes loess to boal Loess 15 easily pulverised into
& finc mealy powder It has a high porostty (40-50 per cent)
and 18 pervious to water Where huge mas<es of lpess accu-
mulate they form high vertical cliffs 1n rain channels and

depressions In a dry state loess 1s durable and withstands
bt loads (heavy constructions)

Vet loc s lo es the bonding between the constituent
[ragments and grows compact with the result that cracls
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and subsidences form on 1ts surface Roughly up to 10 per
cent of volumo 13 lost when motsture 15 absorbed and
;Ius lends to the destruction of the structures crected on
0SS

Many =cienlists are of the opimion that the formation
ol Ioess 15 due to eolian {(wind borne) action However re
cent studies in the US S R show that 1n various regions
loess 18 of different ortgin It can be formed of sediments
deposited not only by the wind but also through the ac
tion of water and as 2 result of cluvial processes

Loess like loams are distinguished from loess by the in
cluston of considerable quantities of minute particles 1n
addition to coarse (001 005 millimetre) dust parlicles
Loess lihke loams are frequently very porous and contamn
carbonates hike Joess some loams deercase mn volume when
they absorb moisture If the content of clay particles (le s
than 0 001 miilimetre) 1s high the<e loams do not sub
side

A number of sandy argillaceous rochs (sandy loams and
loams) belong to this group

Fine Fragmental Rocks

Common clays which are partially products of the ac
cumulation of minute mechanical particles and partially
products of the chemical decomposition of other rocks are
fine fragmental rocks Kaolinite and montmorillonite are
the most ty pical minerals of which clay 1s formed Clay com
pased of kaolinite 15 called haolin and 1n the absence of
ectogenic tmpurities it 15 white Clay composed chiefly of
montmorillonite 1s called bentonite and 1ts colour ranges
from white to greyish green

When tdentifying the colour of clay attention should
be paid to the moisture content because the colour of dry
clay 1s not s 1nten e as that of damp clay In 1 dry state
clay energetically absorbs moisture and becomes water-
resisting a property that'sharply distingushes 1t from sand
through which water freely percolates Dry clay 1s earthy
and 1s easily ground mto powder 1n a moist state 1t
1s plastic and takes any shape mmparted to 1t preserving
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this shape after drying A shiny streak will be leit on the
surface of clay if a line 15 drawn with a finger nail

Clays that melt at a temperature of approximately
{ 700°C are called refractory clays Some varieties of clays
excellently absoib grewse nnd o1l and are for that reason
n.ed as fulling clays for cleaning pgrease from woeol and
broadcloth

In nature clay may be mixed with sand such clay 1s
called loam If loam contains gravel roch waste and bould-
ers 1t 18 called boulder loam Ii1thified boulder loam s
called ftilite Clay with a bhigh content of carbonate of
lime 13 called clay marl

Consolidated c¢lay rock which 1s hard to break and ab
sorbs little moisture 18 called argilitte

Chemical and Organogenic
Haochs

Chemical and organogenic rochs which form mainly 1n
water basing areinterconnected by a number of transitions
In spme cases 1t 1s rather diflicult to establish the aifilia
tion of a rock to any of the above mentioned groups

The structure of chemical rocks 1s determined by the
mze of the crystals of the con.thituent minerals {coarse
graitned medium gramed closc grained or fine grained)
while that of organogenic rocks by the preservation of the
constituent remains or by the affiliation of the latter to
SOTMe OTganism

Chemicnl and organogemic rocks are usually classified
according to their chemical composition

Carbonaceous Rocls

Limestone consisting of calcite 15 the most common of
these rocks All the properties charactenstic of caleite can
be used to mdentify limestone The most exact indication
IS tho reaction with hydrochlonce acid Limoestanes are
usually white or ight yellow but the colour can be changed
up to blackh by mmpurities Limestones are of organogenic
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or chemical origin In thoe former case the rock consists of
organic remains which are not always delectable with the
nahed eye The organic remains may be intact or shattered
Attention should be paid to the degree of preservation as
this indicates the conditions 1n wlich the sediment was
deposited For example hmestone consisting of small frag
ments of shells formed during a turbulent moyement of water
on the bed of a basin while sedimentation was 1n progress
1 ¢ 1n shoal water conditions

If 1t 13 possiblo to wdentify the remains of which the lime-
stonc consists  these remains give their name to the
limestone forin<tanee fusulina coral brachiopod lime-tonc
and so on Limestones consisting of mollusks shells are
called coguina {(shell Iimestones) Chalk 18 a  special type
of organcgenic Iimestone and usvally consists of tiny shells
or shell fragments of foramimifera and of the calcareous
shelctons of microscopic alpac

Of the limestones of chemical ortgin the fellowing var
1etics are distinguished

1) compact fine crystalline aggregations—compact or mas
site lunestone—whose crystalline structure can be deter
mincd only by a micrescope

2) oolitse limestones—aggregations of fine spherules with
a conchordal or radiated structure and hceld together by
calcarcous cement

3) tufa or trarertine—highly porous aggregations con
ststing of microcrystaliine caleate this rock 1s formed where
ground waters scep through to the surface tho surplus of
dissolved calctum carbonate precipitates from theso waters

and forms a perous rockh

4} the formation of stalactites and stalagmites which
are sinter forms of caleite 15 Iinhed up with underg round
waters they hang from the ceilings of subsurface caves
and nse from their floors their fracture is usually coarse
grained

Mar{ 1s a rock composed of calcite and clay particles
(30 50 per cent) Outwardly 1t recemblis Iimestone Its chief
charaeteristie 1s the reaction with hydrochloric acid which
leaves a spot on 1ts surface This spot 15 the result of a con
centration of clay particles where the rcaction had taken

place
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Dolomite 18 » rovk compused chicily of the minerat ol
tho same name Qutwardly 1t resembles limestone and
differs from it by a weak reaction with hydrochloric acid
(see mineral dolomite) It 1sformed mainly through a chem-
1cal transformation of calcareous sediments with which
1t 18 conpecterd by several transitional rocks, and through
precipitation from aqueous solutions

Stliceous Rocks

Stliceous rochs can also be of chemical or organogemc
origin One of the latter type 1s diatomite which 15 a very
hoht white or Light yellow rock It is a soiling roch which
15 easitly ground into fine powder and 15 composed of the
tiny opaline skeletons of diatoms

Outwardly there 1s hardly any difierenco between tr:
polite and diatomite The former consists of small opal grains
with an admixture of diatom shells and the remains of the
sihiceous sheletons of radiolarans and sponges Its charac
terictic features are a low specific gravity (which 15 easily
determined by weighing a fragment of this rock in the palm
of the hand) and an ability to absorb moisture avidly
(sticks to the tongue)

Opola 1s a hard white or grey to black rock with a eon-
choidal fracture When struck the hardest vameties break
with a specific ringing sound This roch has a somewhat
higher specific gravity than tnpolite Investigations with
a microscope showed that hike tripolite opol a consists of opal
granules and the remains of the siliceous sheletons of vari-
ous organisms cemented by <i1liceous material Thas rock s
possibly the product of the transformation of diatomite and
tripohite

Stliceous sinters or geyserites are a light multicoloured

rock that forms round the outcrops of hot springs whose
waters are saturated wath silica

Ferruginous Rochs

These rocks include ron protoxide and 1ron oxade which
formed on the Earth s surface 1in lakes and bogs as well
a3 1n the turf level of meadow mantles These deposits
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hnown as ferru,tnous taff are quilte widespread and often
form beds of Iacustrine bog or meadow ore which may
bo used for the manufacture of rron

Halogen and Sulphate Rocl s

Halogen and sulphate rochs are of chemrieal ongin The
mo L Cornimon ]IHIDHLH I'DL]\ 15 roe/ .'Fﬂff “hllh ll“tl"l“} fﬂrnlg
lrght coloured cry<talline aggregations con<t ting of mineral
halite the ecolour of tlus roch depends on the different
mostly mcehanical impurities tn them  Deposits of rock
<alt arc often very large and form an mmportant bas<e for
the chemical industry Rodk «alt frequently alternates with
anhydrite {CaS0,) and complex compounds contaimng po
tassium  sodium and magnesium

Gypsum 15 a widespread rockh It may bhe coar<e grained
fine grained or somelbimes fibrous ( clemte) it 1s usuvally
white but sometimes it may be pink  blue or some other
light colour

Carbonates borates and sulphates of potassium and so
dium occur less frequently but aro rmportant economically
For example therc are lal es with deposits of carbonate of
socfirt (1n Western Stbera  the Transbaikal Area Geor-
mia) and borates (around Lake Indera) There are deposits
of saltpetre 1n the Dorontno chawn of lakes 1n the Transba
kal Arca AMiralilite 1s produced 1n hara Bogaz Gol on the

Casptan Scea

Baurxites

Bauztle 15 a roch compased chiefly of aluminium hy-
droxtde [A] O 2 O} Usually 1t 1sa Light yellow red brown
red or occasionally white earthy or ovhtic mass It 15 a

very 1mportant alummium ore

Caustodbroliths

Caustobioliths or combustible rochs are formed organo
genically and consist of organic compounds Most of them
are of great econooue 1mportance The most widespread of
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these are coals representing various degrees of the decay
of vegetable remains

Peat 1s g more or less loose, yellow brown or black roch
composed of visible vegetable remans It 1s formed during
tho partial putrefaction of vegetation in aqueous conditions
with an insufficient inflow of oxymen Of the caustobio-
hths peat has the lowest carbon content (52 62 per cent)

Broun coal (hgmte) 1s a rock which was formed as a re
sult of the deromposition of plants 1n the absence of air
which led to the accumulation of about 70 per cent carbon
It 15 a compact dark brown or blach mass with an earthy
or rarely a conchoidal fracture and usually a dull lustre
Its streak 1s darh brown

Coal contains up to 82 per cent carbonr It 1s a black rock
which 15 more compact than lignite and has an earthy or
conchoidal fracture, a dull lustre and a black streak (somls
hands)

Anthracite 1s formed as a result of a deep metamorph
15m of coals under the mfluence of high temperatures and
Pressures and contains up to 95 per cent carbon It 15 a
very hard greyish black rock with a strong submetallic
lustre Its fracture 1s uneven, conchoidal It 1s a compact
rock and does not .01l hands

Combustible shales are a rockh of mived ormgin (clastic
and organic) formed on the floor of basins during the si
multaneous precipitation of clay particles and fine corgan
1¢ coze (sapropel) Combustible <hales are thinly lam
nated have a dark grey or brown hue, and give off a bitu
mineus odour when they are burned

Economically important rocks such as petroleum and
the produets of its alteratron (asphalt and ozokerite) are
also clasced as canstobioliths

It has lLeen established that petroleum 1s a product of
the decay of plant and animnl remauns Sevcral hypothe-
“es have been advanced to eaplamm ats origin The most
probable one 1s that sapropel {putrid silt) which accumu
lates on the floor of lagoons or 1n river deltas at the expense
of organmic remains 1s 1ts source material The further
transformation of sapropel under Ingh pressures and tem
Peratures leads to the formation of gaseous and higuid by
drocarbons of which petroleum 1s composed Pressure causes
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the otl to migrate mnto oveelying steatn where 1L accume
lates an porous rochs ( anda sand<tones some varicties of
Iime<tones) Pre<ent day oil deposits are related to the e
rochs

Pctroleum 1s a complex mixture of hiqind and gascous
liydrocarbons Qutwardly 1t 13 a hight oify hignd with a
specific odour Depamding on the compodition the colour
varies from nearly white ycllow and rd brown to dark
brovn ani correspondingly  its spoalic gravity varies
from 036G to 10

Asphalt and o olerite or mineral uvar are al<o mixtures
of Iydrocarbons and are products of the mdtamorphosis of
diflerent orls (the former of naphthenc oils and the latter of
paraltline basc oils) Outwardly they can handly be distin
gui hed from cach other both are brown or black compact
aggregations withh a greasy lustro and o hituminous edour
Each has a differcnt spucific grasity asphalt—1 12 ozo
Lerite—0 8 0 67

Metamorphic Rocks

Mcetamorplite rochs arc formed in deep seated layers of
the Earth through the recrystallisation of magmatic and
scdimentary rocks under the influence of hugh temperatures
and pressurcs and also durtng the interaction of thest rocks
with the hot gases emanating from magma These processes
result 1n a metamorphosis of the primary structure and
texture of the roch and of 1ts mineralogicil and chomrcal
composition Metamorphosts mny take place 1) when
mountains fold during an intense contraction of rocks 2} when
mountains subside mnto deeper zones where the) come
under the pressure of overlying beds and the influence of high
temperatures 3) durtng contact with magma

Mctamorphic rocks have a holocrystalline structure and
foliated banded or fibrous texture The ongin of these
textures 15 associated with the perpendicular erientation
of the long axes of the minerals to the actual pressure

The following are the widespread metamorphie rochs

Gneisses are banded and schisiose rochs consisting of
quartz feldspar and mica or hornblende Biotite musco
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vite and mica gacisses also occur Gneisses may form as a
result of the metamorphism of magmatic rocks (orthogneis
ses) or though the transformation of sedimentary rochs
(paragne1sscs)

Clay shales represent the 1mtial stage of the transforma-
tion of argillaceous rochs These transformations are so in
significant that some scientists are inclined to classify clay
shales as sedimentary rocks Clay shales are distinguished
from the latter by a well defined schistosity in parallel
to which tho clay shales breakh easily inte blades wath a
dull lustre

In contrast to other metamorphic rochs their structure
15 not holocrystalline Qutwardly they are similar to elays
and liko the latter have ancarthy fracture and a dull Justre
but do not absorb water

Phyllites rcpresent the next stage of the transforma
tion of argillaceous rocks They have a holocrystalline
usually fine grained structure that cannot be distinguished
with the naked eye but which 18 manmifested 1n a deep usu-
ally silky lustre on the surface of the fracture along the
cleavage Phyllites consist of tiny mica and quartz scales

Mica schists are formed as a result of the further meta
morphosis of argillaceous rocks They have a well defined
bolocrystalline structure and a foliated texture and ton
515t of mica and quartz They are distinguished from gneis
ses by the absence of feldspar Where mica predominates
the schist 1s called muscovite schust, biotite schist and so on

In addiation to the rocks cnumerated above there are
8 number of other metamorphic rochs with a holoerystal-
line structuro and a foliated texture These are umted under
the name of crysialline sclusts Depending on the predomu
nant mineral in them these rochs are known as tale schist
chlorite schist and so forth

Chlorite slate or schist 15 composed of scaly schistose

grains of chlorte with an admi<ture of quartz Tale mica
ffildﬁpﬂr and magnetite are encountered as accessory miner
ais

Tale schist 1s composed essentially of talc and has a low
hardness a hugh refractoriness apd a greasy {e¢] Tale schist

15 used as a lubricating matenal and also for the manufac
ture of refractory bricks
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Hornjels are & metamorphic rock that forms during the
contact melamorpboesis of argillaceous and cliusive hbasic
rocks They are a wlute grey and sometimes pink grey
compact roch with a conchordal fracture and consist of
guartz and amplubeles with an nsjymficant admisture of
biotite muscovite apatite and ot} er mincrals

Ouartzite consists wholly of recrystallised® gramns of
quarlz It has a holocrystalline generally fine grammed struc
ture and a massnve rarcly folitated texture Pure varieties
of quartzite are wlnte or hght grey bul impuniles may
change the colour to a red brown crimson ete The for-
mation of quartzite 1s duec to the metamorphosis of quartz
sands sandstones and other sitliceous rocks

Jasper 15 a hard compact and bright or multicoloured
rack consisting of fine grained quariz or chaliedony Hema
tite epidote chlorite are present as impuritics

Marble a transformed carbonate rock, 13 a typical met-
amorphic rock It 15 mostly massive seldom shaly, and
consists of calcite grams of more or less equal size Quartz
hornblende pyroxene olivine and somcetimes feldspar
arc present as impurittes and determine the colour and pat
tern Espccially pure sartetics of fine-grained marble are
used 1n sculpture

Marbles coloured by various mmpurities are used as a
valuable ornamental stone In the USS R 1t 1s quarned
extensively 1n the Urals karelia the Crimea the Trans
caucasus Coentral Asta and many other places Crystalline
dolomite 15 very similar to marble but consists of dolomite
prains Lake marble it 1s used as a building and arnamental
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MWOGIrNOUS PROCESSLES

The Earth s rehief 1§ not permanent It changes constant-
ly a5 a result of the action of water wind femperature fluc
tuations and so on These chapges in the Earth s topography
are due to external or ezogenous causes

L ot us examine the nature and results of the action of the
wind snow and 1ce water flowing on the Earth s surface and
migrating 1mto 1ts depths water 1n reservoirs and ponds
and other external forces The action of these forces 1s aimed
at ilattening out th¢ LCarth s surface destroying moun
tamns by the gradual expe ure {denudation) of new rock

horizons and transporting demolished material into lower
lying arcas

ROCKh WEATHE RING

Weathering 15 a collective term umting the mechanical
chemical and hiologieal (organic) processes that take place
on the Larth s surface as a result of temperiture fluctua
tions the freesing of water the action of the oxygen and
carhon dioxade 1n the air and atmospheric precapitation as
well as the action of orpanie acids 1n the soil We dastin-
guish between mechanical (physieal) chemical and bioclog
1cal weathering but 1t 1s often difficult 1f not 1mpossible
toe draw a clear distinction between them 1n nature they
u‘;ually ack Elmultﬂﬂeuuﬂ,]}

Mechanical aeathering This 1s principally due to changes
in the temperature of minerals and rochs caused by
ttmperature ﬂllﬂtuatlung of the air and 1n some Cases h}r dlI‘EEt

heat from the sun Minerals and rocks expand when they
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nroe llEﬂtEll and Lontrack “hEIl lh[‘!} are conled Tlus expan
ston and conltraction 1s very neghgible but when it 13 con
stantly repeatcd over a period of hundreds and thousands
of years 1t vltrmately mnhkes itself felt Under the influence
of this repeated contraction and expansion the adhesion
between tho grains 1n a rock gradually weakens the coarser
the grains the faster the adhesion between them weakens
because [ine grains do not cxpand as much a3 coarse grains
The colour of a rock 1s also important Dark colourcd mincr
als and rocks arc heated faster and consequently 1ncrease
1n volume quicher than lLight colourcd minerals and rochs
The adhesion between the grains 1n a motley rock (for 1n
stance gramte which consists of black red and white mp
erals) weakens faster than 1n rocks of a uniform colour
This 15 due to the fact that grains of different colour and
compositign have thetr own cocfficient of cYpanston 1D
consequence of wiich a supplementary stress 1s sct up be
tween them when they oxpand

Multicoloured coarse grained rocks offer the least resist
ance to temperature changes Day time leating after a
cold nmght starts a desquamation process while cooling
causes rochs to crack In the course of centuries of alterna
tion of contraction and eipansion tiny cracks appear 1o
mineral bodies Al first 1nvisible to the eye they gradual
Iy expand causing monolithic mineral or rock to disintegrate
The mechanical disruption of a mneral mass 1ntensifics
during sharp diurpnal temperaturo changes Sharp tempera
ture changes aro observed 1n spripg and autumn espectally
1n regions with a continental climate for instance deserts
where the rock surfaco 1s heated in the day time to 70 G
and cools down to zero at night In deserts the changes o
the volume of minerals are particularly gieat and physical
weathering plays a very 1mportant role

VWater facilitates the action of heat and cold In ramny
weather rochs become wet and then dry agamn this repeated
wetting and drying weahens the adhesion begween particles
of which rocks consist VWater that Ireezes in the [line pores
and cracks of rocks plays an even bigger role Intense tem
verature changes are observed 1n the polar regrons and they
arve risc to what 1s known as frost weathering Water turnos
into e when the temperature fails below zero 1nercasing
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Its volume by one eleventh Thus 1f during the day when
the temperature 18 above zero water Dills a void 1n some
crack 1t will tend to widen this crack when it freezes dunng
the night

Enormous pressure  which sometimes rni<es to as high
as thousands of kilograms per square centimeire 18 exeri-
ed by freezing water on the walls of a crach Thercfore
1in regions with comsiderable diurnal temperature iluctua
tions (especiatly from positive to negative) mechanical
weathering manifests itself 1n a very intensive manner
and leads to the formation of talus which consists of numer
ous fragments accumulating at the base and on the slopes
of a demolished cliff Taluses are astatic and difficult to
traverse On the plane surface of cliffs rochs disintegrate
through weathering and turn into continucus placers of
houlders

Atmospheric electrical phenomena also 1nfluence rocks
Lightning breaks up rocks or melts them altogether for

instance looso sands forming fulgurites These phenomena
are however relatively rare

Chemical Weathering The action of the vapours and
gases tn the atmosphere and of sun rays leads to chemical
changes 1n the composition of minerals and rocks Water
vapours condensed into liquid may contain 1n solution
various substances which increase the solubility of minerals
Moisture enriched with organie acids 1s not only a dissolv
ent but also starts such intricate processes as hydrolysis
and oxidation

To pive a clearcr 1dca of chemical weathering we offer
a2 formula showing the decomposition reaction of feldspars
under the action of air moisture and carbon dioxide which

lcads to the formation of soft haohin (lithomarge) from
solid feldspar

Na,0 Al Q; 6510 4+nH 04CO =Na C0,4+8:0, nH,0+
+2H,0 Al O, 2510,

Under the influcnce of air moisture wnd oxygen the weath
ering of sulphurous minerals of pyrite for example pro

ceeds 1n much the same way, releasing ferrous sulphate
and sulphuric acid

FeS;+8H,04.70 =FeS0, +7H,0 41,50,
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When anhydrous rocks are subject
to chemical weathering they some
times absorh water and develop 1nto
hydrates Simularly anhydrite turns
inlo gypsum (CaSO, +4-21H,0=CaS0,
211 O) and iron glance into limomte
(2Fe O;+3H,0=2Fc O, 31,0)
These  transformations are very
widespread 1n nature
Sodium carbonate potassium car
bonate alkalr sulphates  ecolloidal
Fig 2+ Destruction of  solutions of silica that rapidly dissolve
a clififl by the roois of
2 treo in - water are al<o formed during
chemical weathering  Penetrating
into products of weathering atmospheric water (rain
meiting snow) disselves and evacuates them into decper
layers 1nsoluble products of weathering (clay <and rock
waste gruss and so on) remain on the surface
Bilological or Organic Weathering The presence of
micro organisms 1n the uppermost layers of the Earth s crust
increases the mtensity of chemical reactions Thus accord
ing to V 1 Vernadshy feldspar yields to biological weather
ing only when bacteria participale 1n the process When
water and carbon dioxide are the only agents weatherning
bardly alfects feldspar
Organisms alter rocks mechamically and chemically
Lichens and mosses colonise the surface of rocks absorb
nutrient substances from them and thereby destroy them
The roots of plants also destroy rocks mechanically and chem
1ically (Fig 24) Moles ants and earth worms loosen rocks
A weathering crust tahes shape during all processes of
weathering The immovable part of the weathering crust
from which scluble salts are washed away by precipitation
15 called eluziim Where the weathering crust 1s enriched
with the products of the vital activity of various organisms
and 1s partially reworhed by them 1t 1s called soi! From
the soil plants absorb mtrogen potassium phosphorus
calctum suphur iron copper magnesium oaygen hydro
gen and other chiemical compounds wiich they need for
their nutritton and after they wither they not only return
these substances to the soi1l but also give it the substances
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that theyv had absorbed from the atmosphere In the process
of phﬂtﬂﬂ}fﬂthEEIS: plﬂﬂtﬂ turn carbon dioxade i1nto starch
collulpse and other orgamec compounds, wineh after the
plants die pass into the soil and undergo further changes—
decay, putrefaction and so forth Plant tissues turn into
new compounds that interact with muneral particles A
nart of these compounds 13 accumulated 1n the sail 1n the
form of humic substances which distinguish so1l from rock
and make 1t fertile The remaiming compounds evaporate
or are carried away together with water into deeper hon
ZOIS

Soil Formation The vegetalive cover plays a prominent
role in the formation of soil and therefore 1n different ch
matic and geobotanical conditions of the Earth s curface
this process proceeds 1n different ways Depending on the
type of vegetation and changes that a plant undergoes after
its denth, different varieties of soil are formed But bhe
cause the vegetative cover 1s connected with chimatic con-
ditions the so1l varieties bear the marks of climate The
chimate the vegetative cover and soils are thus interrelated

According to the late Academician Vasily Williams,
soll science or pedology must ecsentially be considered
a chapter of geology devoted to the study of the processes
taking place 1n the surface horizons of the lithosphere imme
drately contiguous to the atmosphere and hydrosphere
with the direct participation of the biosphere

The necessity of studying the so1l as a natural hictorical
body was first advanced by Vasily Dokuchayev founder
of Russian geological pedology who said that sol should
be called the day or external horizons of rocks (no matter
which} that had been transformed naturally through the
combined action of water air and various living and dead
orgamisms  In thus connection ho singled out natural soil
{orming agents among which he mcluded the parent roch,
the elimate the vegetation the topography and the time
(the age of the sol) The major tashs of pedology may be
formulated as follows 1) study of the origin of the parent
tock under the influence of external geolomeal forces
2} study of the origin of the soil from the parent rock un-
der the mmfluence of intruding organisms It 15 apparent

that the so1l as well as the parent rock and all geological
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forces (including the organic hingdom) are 1n a state of con
stant development The soil 1s thercfore studied on the
basis of genetic and evolutionary principles

As we have already mentioned the Earth s surface re
cenves a mantle of sotl through comples mechanical chem
cal and biclogical weathering The soil s fertility 1s the
basic feature distinguishing 1t from other rocks By 1ts om
gin soil 1s composed of a) hard mineral particles b) organic
remains ¢} a hiving population d) ground water and air
Hard particles of <01l consist of mineral and organic sub
stances the former almost always predominating

In soil the most widespread minerals are quartz Icld
spar and mica Nakes calcite gypsum and ferric oxide are
found occasionally In addition there are more or less im
portant accumulations of zeolites clay particles 1aolinite
and montmorillonite

The mincral particles 1n soil can be distinguished by
their size Therefore a characterisation of soi1l must 1nd:
cate 1ts mechanical composition 1 e the size of the mineral
grains 1n 1t The name of various so1ls depends on the con
tent of large and small particles 1n them There are thus
stony sandy silty argillaceous and other sols

In sml organic matter 1s usnally represented by humus
which gives 1t various tints of grey brown and black De
pending on the natural conditions 1n which soil forms the
quantity and typc of humus may be different with the
result that the colour of the so1l 15 not umform cither
IHumus forms through the decomposition of the remains
of plants amumals and micro orgamisms products of their
vital actrvily are often observed n humus As they decom
pose organic remains lose their original <hape and become
darker or brown S&Starch cellulose and albumins are the
first to decompose woody fibre (Lignite) resists decompo
sition longer The mineral part of plant tissues 15 preserved
1n the humus together with the organte part

Basiclly humus consists of highly stable humte degrada
tion matter The type of humus cvidently depends onthe
plants from which 1t forms In the podsolic oils of the
northern regions of the US S R with their coniferous for
ests the humus has a light hue and a high oxygen con
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tent It contains very little stable humie matter and a large
quanlity of other water soluble molilc substances

Ground water plays an important role 1n soil di«soly-
ing nutrient substances and thus allowing them to be ab-
sorbed by the roots of plants This wrter may be de-cribed
as a solutionof mineral and orgamic substances Where miner-
al matter predominates 1n the solution the soi1l 1s enriched
with =alts (for instance white alhali se1ls) where the solu
tion contains a large quantity of orgamic mntter peaty
souls result sometimesthere 1s only a small amount of salts
and orgamic material as 1s often observed 1n sandy <o1ls

Soil air has a different composition than the air of tho
atmosphere Complex reactions of the decomposition of
organic matter tahe place 1n the so1l increasing the carbon
dioxide content and releasing gases not contained in the
atmosphere Soil air has less oxygen than atmaspheric arr

Soils have a very diverse population largely consisting
of microorganisms, of whieh there are tens of mtllions in one
gram of so1l The largest pumber of mieroorganisms 18 ob-
served around the roots of plants

The composition of soi1ls 1s constantly influenced by chi-
matic {actors and processes accompanying the development
of plants Soils undergo very great changes as a result of
man s activity in ploughing and fertilising it and also 1n
cultivating it by various other methods

Geographical Distribution of Soils Soml 15 mmflu
enced most of all by climate and plants On the Earth s sur
face the climate changes from north to south the same
change 15 observed as regards vegetation This phenomenon
ts responstble for a certain regularity in the change of soils

In general soils are distributed in belts according to
the climatic zones (Fig 25)

The following main soils are distinguished 1) tundra

2) padsolic  3) grey forest 4) chernozem 4) chestnut
b) BFoWn soils of arid steppes 7) desert (grey or pale grey)
8) white alkall and saline and O} Iateritic

The climate of the Extreme North has a negative mean
annual temperature At low temperatures the air 1s very

humid and evaporation 1s therefore inconsiderable Annual
precipitation 18 low—250 3000 millimetres Owang 1o the

negative mean annual temperatures there i1s a layer of
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permafroat al a depth of about half n metre and  ometimes
Jesa This layer js impervinous to walter with the reeult that
precipitatjon callects on the urface bogring it up

Of vegetation there ate «atne vazietics of moae {ninleer
lichen) acid herbnge (Gdge rush)  small hrubs {(clon!
berry  bluelvrry liarlarny) dwarl linh anl willow prown
the south of this bt Some_an ns of the tunlem ane dovoidof

Ny L1 4

Fig 2 [lagram showing tho development of the 20il forming
procesa in the Furopean part of the USSR {after 7akhroy)

! wasting w ¥y of tunus F—accumulatien of humut J— wiathin anayol

It (} f—pregmnulald notiz (3 F—leactingof CaCu, £—tea hingefLasy ¥—

8 umulatlopg af LaCoy  J—wbdshin, awmay ol MaCl L <o — accepmulaticn of
Casy r-—rreclifitation of sojulbte nalis

sotl Becpuso of tho low lct?mrnturnq in tho tundra plants

Jecarmposg sery slowly & Tactor which helps to Tuatld wp
Tm{l}tmmuni aro unfasourable Tor orpanic Iie
‘and The sgtls thereford Containvory Tittle humus Meadow
vegetation oceurs oMy OMthe pealy «oils ol the rivdr valley s
Forist segetalion is sometimes found on the tundras

southern houndary

The clhippate 1s somewhat malder south of the tundra zone
where megn annual temperatures are JTow bul posttive the
winters shorter and the summers warmer Tho s01l 1s thor
oughiy warmed thereis no permafrost This s the forest belt

Glactal moraine 1s the basie surface rock tn this zone
Sand deppsits products of moraine washed by glacial streams
occur in low lying arcas The annual precipitation 1s 600
millimetres some of this water percolates deep 1nto the soil
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and 1nto the rocks benecath 1t The basic vegetative cover con
sists of forests comferous forests (taiga) in the north and
mixed forests (comiferous and leaf bearing) 1n the south

A different Lind of humus forms 1n the forest belt than
in the tundra zone The reason for this 18 that the trunks
needles and leaves contain resins and tanmng matter which
are absent 1n herbs These are actd substances with a
small nitrogen and ash content Wood soil therefore has
a different bacterial composition than tundra so1l In geobot-
any the decomposition of forest organic matter 1s called fun
gus decomposition after the name of a group of lower plants
which play an important role in this process Deromposi-
tion produces an acidir faintly coloured water soluble
humus and the so1l gets a yellow tint as various acids dissolve
Thanks to the relatively high humdification alkalis and
hime are washed out from sotl and evacunated 1nto deeper
layers The upper soil layer lying at a depth of about 20
centimetres from the surface gets a most thorough washing
\ When the so1l profile 1s examined 1t ¢an be seen that only
the topmost layer contains some of humus which serves as

a cementing material The layer beneath j1t, whosc whitish
hue gives 1t the appeaTtance of ash, 1s called the ¢podsolic
layCF It s apooreoil ecause nutrient substances are washe

out of 1t Soil 1nto which substances washed from overlying
strala penetrate lies beneath the podsolic level These sub

stances act as a cementing agent and also determine the col-
our and other features of this layer This soil 1s usually

pale yellow on top and the entire layer 15 divided into small
sharp edged polyhedrons (nuts) with depth the layer turns

reddish brown and disinfegratcs into larger jointings, ocea-
sionally 1n the form of srﬂgﬂrﬁrn—cﬁ.j}r—gplllars
odsolie soil and sod are on the whole relatively poor

but fertilisers make them as produrtive as chermozem

Souflrottlic forest belt stretches the steppe zone This
new chimatic and geobotanic zone has an even relief and a
dry climate The long summer s hot the winter rclatively
short and the spring thaw sometimes begins as early as the
¢end of February

Here the so1l 1sthoroughly warmed and at the same time
well aired, thanks to its porosity with the resull that plant
and animal remains decompose completely This produces
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large quantitics of water <oluble humus which combines
with the aron and line tn the sml thus firmly consolidating
th 1t The humus <attated soil forms a layer that some
times ruadhies a depth of 100 contimetris The abundance of
humus gives the so1l tts blackh colour hence the nimo
cherng.em®

Tho quantity of humus in the sml of the steppo belt 1a
not untform everywhere In anas adjointng forests the he
raus content 1s smaller thana the open steppe The quantity
of humus graduatly deercases with depth and the soil ac
quires a hght colour

The 1ntermediate belt of orest_sofl/ representing a
transitien from chernozem to pod ohic soil ysually. bies be
Lueen ehepnozom steppespnd_ Jargd tracts of forests with pod
solic satl A struggle goes on in this arca between tho forest
amd the steppe  1lns s due to the age old MNuctuations from
morst to dry wlnch results 1n an alternation between forest
and steppe vegetation Ior example 1n West Ukraine and
west of the Urils the belts of forests alternate with belts
of steppeland hence the name—forest steppe A transition
Irom chernozem to pod olie sotl or vico versa 1s observed 1n
this arca

Groy f m_citlier naturally, when the strugele
between the steppe and the forest tahes place umier natiral
conditions 1 e without man s participation or as a result
of intervention by man who develops now lands cuts down
or burns out forests tills the podsohiv soil and fcrtilises 1t
The vegetativo cover changes radically the forests giving
way to ccreals and grasses

Grey forest lands are more generous than podsohic sotls,

but™Micy are not as fonttic nordothey-have sach—~valuable

ph SIE:I{“MWM pcelieFiozems

o tho south cast—steppe sotlschangermto(clhesinul sotlsh
this being due to a sharn change 1n the climate Tho annual
precipitation 1s below 250 mlﬁlmefrea the summer 15 long

and hot and the winter 1s severe and relatively short—The

SUIIS IICIL  arc ma:]equﬂhlg ¥aturated with mmoisture and

the vegetable kingdom, therefore  also changes the southern
chernozem steppes with their abundance of feather-grass

*# Dersved from the worda chernaya zemlya which mean black earth
. 'T'r
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and sheep s fescue give nway to fescue wormwood steppes and
still further sewtlito purcly wormwood steppes Here the
soil formang protess 1s alzo different the soils being of a

e T

dark brown colour Below the chernozem zone the chest
DL so1ls contain a shightly bigger quantity of humus and the
colour changes from dark to light chestnut

These chestnut soils are nutrient rich and quite fertile
But hecavse 5 The Igw_precipitation farming 1s passible

only where the soil 1s nrtaficially watered and other measurcs
are.[aken o acoumuTate And présorve OIS 1710
Chestnut soils gradually yield to@roun soilsy the reason
for this being that the clgnate 1s dryer and the te mperature
fluctuations cover a bigger range than 1n the prece ding ZoTe
e solls ate rich 1n soluble salls and contain very Little
humus T

South of the brown soils hes a belt of desert with grey or
(pPale gre?smls The mean annual precipitation does not ex
cie milimetres sometimes falling to as low as only a
few millimetres Very considerable soi1l temperature {lue
tuations (from 85 C in summer to —30° C in WINLET) are
Serve
In thus belt the vegetative cover 15 not continuous devel
D{Jlng mainly 1n early spring and withering towards the
Close of the same season Grey so1ls contain a large quantity
of calerum carbonate and also soluble salts such as sodium
chioride sodium sulphate and magnestum sulphate The
abundance of hime and high ash substances and the low hu
Mic content mahe these soils infertile Drying up they
break up 1nto separate particles and are easily dispersed
Various salts carmed by capillary waters sometimes
accumulate 1n Jow lying areas where ground waters are
learer the surface
DESIJ]I;E their native sterility grey %01ls are (quite fcrtaile
when they are adequately watered They are cultivated in

the Central Astan rcpublics of the Soviet Umon where shil

ful irrigation has turned separate desert areas 1nto flowering
oases

Q?_h:;;e ulka%:}}and Galine so1lSform onsoluble .alt contain
ing rocks 1n dry arcas wilth & temperate warm or hot c¢li-
mate " That Lo (he low humidity and intense ovaporalion

"i:'a"ﬁ‘lll'ary streams of ground waldr carry the water solible

e i
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salts to the surface T'he more salt there 1s 1n the rock or 1n
the ground water that motstens the roch the more intensively

do the saline soils dovelop Frequently these soils form as a
result of excessive watering due to unshitful rrrgation

(!Erm rossa) lthewise form 1n arcas with
excessive humidity gh temperatures and_luxunant sege

tation lhe abundant precipitation and high toemperature
subject rocks to intensive weathering heighten the leaching
process and accelerate the decomposition of plant and animal
remains with the result that a considerable quantity of bu
mus accumulates 1n the seil Latenitic soils are highly per
mecable to air and water and have a Targe moisture capactty
They arc very Icrtile providing Iertiltsers are used

Lach soil mirrors the features of the natural conditions in
whichit was formed But the Larth ssoi1l mantle s not stable
The climate changes with the passage of centuries and this
of course causcs changesinthe vegetation and consequently
in the soils A cross section of abyssal rock will show how
the natural conditions and the soils have gradually changed
For example very rich coal deposits that could only have
formed from luxurmant forests have been discovercd on Spits
bergen which 15 one of the Earth s most rigorous regions
with an extensive 1ce shect This shows that 1n the remote
past the climatic and geobotamic conditions on Spitsbhergen
were entirely different from what they are today

We have already sawd that man can influence the nature
of the soil On vast territories man has adapted soils for
farming subjecting them to considerable alterations This
adaptation will no doubt continue and soils will become
more fertile than cver

All rocks are subjected to weathering regardless of the
condittons 1n wlich they formed As magma pencirates
into the Earth s erust 1t cools down and forms deep seated
rochs \Vhen these rochs come to the surface with its low
pressure  low and fluctuating temperatures air gases and
moisture they adapt themselves to the new environment an
metamorphose accordingly  Under the action of weather
ing they form new mineral aggregations adjusted to the
environment on the Earth s surface

Weathering creates a stable waste mantle wlnch 1f the
products of weathering had been stationary would have
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completely emveloped the surface of continents However
external forces set the Earth s outer shells of air and water
it motion and these act upon the waste mantle breahing
and shifting 1t and exposing the surface of rocks that had not
been subjected to weathering Denudation or the exposure
of rocks proceeds continuously 1n this manner

GEOI OGICAL ACTION OF THE WIND

The effective force of a wind depends on 1its velocity
Even air moving at a rate of a few score centimetres per
second can raise and transport fine dust A strong breeze
can throw over and move rather large grains of up to several
centimetres 1n diameter Gales and hurricanes whose velocr
Ly sometimes exceeds 50 metres per second are very destruc
t1ve

Deflation and Corrasion The wind performs a defimite
geological function which npaturally 1s not always and not
everywhere mamiested 1n equal measure There are regions
where the action of the wind is particularly destructive
these regions have poor or no vegetation at all and are called
semi deserts and deserts or deflation regions Abscnce
of vegetation, which fastens the so1l by 1ts roots gives free
reign to the action of the wind In these regions the tempera

ture changes (attaining a daily amplitude of up to 60° G
and an annual amplitude of up to 100° C) causing imtense
?Eﬁhanmal weathering which supplies the materal for defla
100

The particles blown off the Earth s surface by the
wind arc transported over long distances depending on the
size of the grains

Air currents blow not only 1n a horizontal plane along the
Earth s surface but also 1n a vertical plane with the result
that tho particles torn from the soil are tossed high 1nto the
alr Dust particles are raised to heights of hundreds of metres
and sometimes as high as several kilometres fine sand i1s
blown to a height of scores of metres and coarse sand up to
eight or ten metres The material prepared by weathenng
)3 Lhas transporsed by the wiad and 18 partially carred avay
from the region of deflation
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Particles transported by the wind striheo the obstacles
in therr path (rochs boulders and varrous structures) groos
tng  scarring and even pohshung and grinding them This
activity of the wind 15 called corraston

The windows on the wenther sule of buildings 1n deserts
arc sometimes pohished Lo such a degree as to give the impres
sion of having been [rosted  Tlus polishing 18 done by wind
borne sand Ancient bwmldings that have survived in van
ous places 1n Centril Asta show the effects of corrasion This
15 scen on Llte weather side of theso hinldings particularly
to a heaght of half a metre to a metre and a ball and some
times to three or four metres The material formed by corra
sion 1s piched up by the wind and transported farther The
removal of this loose maternal 1s calied deflation Corrasion
amnd dellatron are two inter related processes engenderning
cach other

The mntens<ity of corrision 15 not the same everywhere
and dcpends on the hardness of the rochs the size of the
grains anid their arrangement in the rocks the jointing
the bedding and other factors Soft rocks wear avay quick
ly baring the bhard rochs among them

Wind borne fragments are usually held in suspension at
a height of a metre or a metre and a half above ground and
this accounts forthe fact that maximum corrasion 15 observed
at the base of chffs In deserts 1solated boulders composed
of hortzontal beds are frequently battered into the shape of
mushrooms or tables while boulders consisting of steeply
dipptng beds are given the shape of needles pillars obe
lisks and so forth (Figs 20 29)

Corrasion affects not only the foot of boulders and cliifs
but also the horizontal surfaces polishing them 1f they are
hard and carving out yardangs or sharp crested parallel
ridges 1n soft rock The bottom of the grooves between these
ridges 1s often filled with sand (Fig 30) Entire valleys have
been formed by wind erosion A frequent phenomenon in
deserts whirlwinds force sand 1nto spiral motion to form
vertical comical or ¢y lindrical hollows

Corraston also attacks lumps of rocks in the desert the
sand grinding them i1nto characteristic trihedrons

W here the hardness of vertical surfaces 15 not umiorm
lunulets are carved out by the continuous bombardment by

124



ol ¥ 'ﬁ--“
Faca w. & St

ig 21 Wileh s Tower Rock



sand These lunulels are widened and deepenced by the sand
to a size of tens of centimetres so that the rock surface looks
like a honeycomb (kg 31)

1f 1nmore or less horizontal scam tn a rock series is softer
than the others it yields to weathenng deflation and corra
sion much faster this may result 1n the formation of sizable
cavities—caves These deflation caves occur 1n some of the
valleys in the Caucasus and the Crimea where the sandstone
beneath the hard Eocene limestone 1s eroded by the wind
Some of the caves are so Ing that they are uscd as enclosures
for I1vestoch

Deserl varmish” 1s another very intercsting phenomenon

of desert regions Nearly all rocks contamn 1ron and manga
nese salts as well as moisture (the quantity may be
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very minute} The moisture
on the side ol the rock fic
ing the sun cvaporates 1n
tensively  beenuse  of fthe
heat and 1ts place 15 taken
by morsture from the deeper
parts of tho rock from where
1t brings with 1t dis~olved
iron and mangancse Black
ironn and manganese salts
accumulate 1n this way,
piving the roch a black
crust of a thickness of one
or two mullimetres This
erast 18 harder than the
rock ttseli and the polish
ing action of sand gives 1t
ashiny lustre Desert var
nish on south facing rocksis
a typical feature of for
example the desert and
EE?T{E:; regions ol Cen Fig 29 1VEHH]EI'£HE ol lgneous
Inregions with a femper FORRS
ate climate where almost

the entire surface 15 covered by vegetation the conditions for
deflation are much lrarder Grass shrubs and trees afford
the so1l surface excellent protection apainst defllation But
In steppe regions 1t plays an rmportant role For example
dust or black” stormshave been observed 1n the south of
the European part of the USSR these storms occurred
after a long spell of drought and deflated the soil sweeping
a layer of chernozem (10 15 centimetres and over) from the
fields Land reclamation in recent years has transformed th;s
arca mahking 1t almost completely safe apainst deflation
Dust storms continue to be ebserved 1n North Chpa Sauth
Monpolia Australia and elsewhere Sand stormg called s
mooms wluch are a violent dust laden wipngd occasionall
]JIDW' in Afriea near vast sand deserts Ay
Sorting and Depesutaton dsveln

ayCIenlioped b
material borne by the wind from a deflation arp, ;s,atl:.:;ﬁ
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ported over a certain distance wlnch depends on the size of
the matenial and the force of the wind and then deposited
The smallist particles are froquently deposiled several hun
dred hilometns anay from the deftation arca [or example
dust from the hara hum and kizy) hum deserts 1n Central
Asta ts transporled eastward and deposited on the footlulls
of the Central Asinn mountains Some authors arc tnclined
to belicve that thns mode of dust depositation plays a very

'-- /ﬁ'f % <) * ;

i ate o AP / . o
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Fig 30 Yardangs

important role1n the formation of the surlice mantle 1n foot
lull regions  and thus explain the ongin of loess rocks Lake
dust sand 1s transported by the wind buot the distance at
covers 18 much shorter—not more than a few score and veny
rarely a fow hundred metres Larger roch fragments aro
rolled on the ground for short distances As they strihe cach
other fragments of rock are ground and lose their original
nngular form

\Wind borne masses of sand sometimes form more or less
large mounds or licaps This 18 most frequently observed on
the sca coast with its well defined sandy beaches Marino
sand washed ashore by waves gradually dries and 15 blown
by the wind Tor example on the Baltic Sea coast of the
Soviet Umion whore westerly winds blow there are excel
lent beaches and the process by wlich sand 1s winnowed 1n
an casterly dircction 1s quito sharply defined The winnowed
masses of sand form banks with a herght from several to 200
metres and a base width of up to a kilometre Gradually
drifting from the coast in an easterly direction the sands
bury forcsts pastures orchards vegetable fields and even
settlements Theso winnowed masses of sand are called dunes

Ripples are olten observed on the dunes especially on
their windward slopes As they drft a slanting lamination
forms 1n them (Fig 32) The measures to halt the migration
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o H_—J
Fig 31 Honeycomb weathering of Cretaceous sandstone
the Crimea

} planting marram grass pines and other
biants with g yell developed horizontal root system on the
the s a:l-{i slopes A so1l ‘mantle with vegetation forms on
trnre’?ali S alter they are fixed There are fixed dunes 1n Ses

and Ust Naroysk on the coast of the Gulf of Fin
land yeqr Lemngrad

Sty
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Ihedeflation and

ﬂ::f/ migrition of sand

e with the formation

//,'f//fﬁr"//ﬂf 2Py of Juncs te nlsa ob
&,;/7//“7//@_____.: seryved onthe banhs
*‘.'./:"’-"f:f} ‘/‘,-"':.ﬂ/ ﬂ[ Fivery ﬂl]“ing in
f/,f,fj,//// n mofc or 1053 mer
idona]l  dhrection

FIL,, ' Inwrlnl hmhlln of sl dunes J"i[”ﬂi-, [h.[n L TIMDTS
the ¢ast bank usn
ally slopes guntly

daring floods the river <amd 18 deposited on the bank and
whon the water roocdos the saud s cxpo od to the wind
The we terly and sputh westerly winds provathing an the
Luropean parl of the T SS I carry sand i an ea terly
and north easterly dircction  groatly polluting the =oil on
windward slopts Llns phonomonon 14 cloarly observed on
tho banks of the Tspa the Mok<ha the Sura the Volga
the Don and other rivers

In sand descrts we distinguish =andlnlls  barkhans and

barkhan chains  1lie tapogriphy depends on the mmtial re-
il the quantity of sand the chimate and the foree of the wand

[solited arnogular mounds—qandinlls—form 1n arcas

with shrubbery hiltle sand and changing winds

Lxternally ddeflated sinds sometimes have n umquely

rcgular outhne On the windward side the winnowed masses
of sand have very gently (o 12 ) sloping surfnces The lee
ward <udes are steep atd have a 30 gridient anglo that 1s
characteristic of ecrumbling granular masses These mounds
have protruding cdges due to the action of the wind Scen
from above they resemble a half moon or a horseshoe wath
gently sloping windward sules and steep leo stdes These
mounds aro ¢1lled bart hans (Ftg 33) and aro typical of des

ert, and semi de ort regions

[f the winds blow alternately in different directions

the barkhans are rearranged and theit steep slopes gradnally
migrate Iecward For tnstance 1n the season ol westerlv
or south westerly winds all barkhans turn the ends of thetr
crescents to the cast and in the season of casterly and
north easterly winds they gradually rearrange themsclves
and turn to the west or south west
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Barhhans somelimes ctand 1solated from cach other bul
g areas WheTe S€d aral batkhans develop alongside one
snother, their pdges TMRIPR and thus form hathhan chans
The spaces helwcen yhese chawng {sidges} are depressions

«1th patches ol clay {(1akyrs)
In additien lo harkhan chamns extending perpendicu
ere are long ramparis

1o the direction of the wind th
= the direction of the amd They Gl the relel

Fic ? Solitary harklan

with pits and ndges and wher -
dwecetions they form 1mmﬂ1,,';1“ll.;;$§ﬁ;ﬂf“5 ldﬂ dilferent
hasins PPyramid shaped dunes form o 4 ound deftation
winds al I?lgl;-ll angles reas mtercected by
Come harkhins are 20 20 m
can only be formed where lh::f:ﬁ lzghadLlLE duncs they
«and There are no barkhans in slone ¢ equate supply of
only mall, barhban hike deflated my e erts and tahyre
there Not hngher than 20 30 centip ¢s of sands are found
modols of bartkhane olten of a v etres lhey are smabl
farhhans emerge nhen an ok 13} ;'Eguéar shape 1
ctands 1n the path of a “Innﬁ“Ed&m ;I;I(iqir g;nadbl'l;f:ﬂ

winnowing conlbinues until
the and regehes the leve! :‘;:

the obstacle (Fig 34} Then eang . -
aide and tips ol a crescent e hmlfﬂs;ﬂ% n[:j:heﬁl;ﬂd pn
y the

"}
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either side (Fig 35)
Drifting mounds develop
1f the supply of sand 1s
not sufficient to form
barkhans Wherg the
supply of sand 13 ade-
quate barhhans grow
merge together and form
Fig 3+ Formation ol a hllock rows like dunes The

hehind 1 shrub (o) and o [ront gaps between the bark
and behind a rock (2) hans form chains of

kettle holes (Fig 30)

Such 15 the behaviour

of the sands of the lara hum and Kkizyl hum deserts

in Central Asia of Eastern Mongolia and the Tarim Basin

of the Sahara Desert and of de<erts in Arabia, Australia
and other parts of the world

Some barkhans especially small ones dnft rapidly 1n

the direction of the prevailing winds Small barkhans

usvally travel 30 or 40 metres a year but in some cases

they can travel a distance of one or two hundred metres

Flan

Seclion

H

Fig 3o Diagram showing the direction and action of wind streams
in the air current during the formation of barkhans

Ridgy sand advances at a much slower rate and buries
sandless steppes cultivated [elds and wvillages as has
happened 1n Turkmenmia Uzbekistan and khazakhstan
(Fig 37) Sands can be halted by planting vegetation
Barkhan sands occur chtefly on the margins of deserts
rarely in the interior The bulk of wind borne sand and
dust moves from the interior of deserts to their borders
where the larcer particles settle dust i1s transported past
the boundaries of deserts to arcas with vegetation and
rainfall where after mecting winds blowing from other
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Fig 3o Bacllan held

Fig 37 Vg | Lion buncd by santi in tle region of Lle Aral Sea

dircetions the desert winds lose their force and deposit
this fine material The layer of dust prows at a rate of one
or (wo millimetres a year but in the cour e of thousands

of ytars 1t forms deposits whos=e thaichness 15 from 1o 16 20
metres and sometimes more
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Fus wind botne descrt dust gradually accumulates and
forms thick layers of yellow soil or locss (Fig 18B)

A classical example 18 China where loess covers huge
exyanses and 18 di posited on dillerent hy psometric surfaces
the deposits are cometimes 400 melres thick The Gbi

hhami and Jungar de erts are the “dust factory for loces
th snrlth China
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The conditions for colation or the geologieal activity
of winds are not vniform The most favourtble are 1n des
crts—equatortal deserts (Sahara Arabia Mevico and sa
on} northern deserts (Aral and Caspian) the de<erts 1n
China and Mongolia (Goh1) and other deserts

Dependang on natural conditions deserts are divided 1nto
clayey deserts (takhyrs) sandy deserts and stone deserts

Clayey de<erts are flat plains sandy deserts have » hummoch
and flat surface and stone descris are regions where the
wind removes loose material leaving <olid rocks bare to
the continuous attack of the weather
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Thece three types of deserts are naturally linked up
in space The landscape of stone deserts consists of regions
of deflation which give way first to regions of accumula
tion of eolian sediments (sandy dune barkhan land cape)
and then to the marginal zones of deserts where silt and
clayey material accumulate The general facies changes

of continental deposits 15 reflected n this spatial change
of eolian sediments

GYOIOCICAL ACTION OF FLOWING SURFACL
WATLER

Atmospheric precipitation as ramn and snow and also
water from springs move from elevated to lower areas
performing a geological function on the way Ve distin
guish the action of surface waters not gathered into regular
channels {(plane erosion or deluvial process} and the action

of surface waters flowing 1n regular channels 1n sireams
and rivers (linear erosion or erosive process)

The deluvial process

Here water moves along the Earth s surface as down an
inclined plane—the run ofi takes the form of a continuous
water sheet 1n which separate streams interlace Under nat
ural conditions such a waler shect forms on upland slopes
and on the sides of ravines and river valleys

This sheet of water 1s only a few millimetres thich
However as it sireams down slopis over a long peniod
watcer performs a noticealle function Its motive force 1s
cqual to half the product of 1ts mass by the square of 1ts
velocity Therefore the steeper the slope and the more
rain water that falls on 1t the greater 1s the mative force
of the streams and concequently the stronger 15 thur
action This action conststs in the run off precking up and
transporting fine products of weathering and particles of
soft rochs such as clays and marls of wlich the slopes are

compostd These particles move down the slope and drop
into cavities
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A slope sometimes de cends evenly directly mnto a water
channel 1n which ea<o all the particles washed off the slope
rcach the channel where they are piched up and earried
nway DBut a slope usually flattens ont at the bottom
where the run offl vclocity drops with the resuit that coar<e
minterial 18 doposited If the water channel 1s sufficiently
far from the foot of the <lope the rain water may not reach
it which case all the water borne materinl 15 heaped
up at the bottom ol the slope The streams of surface water
that do not gather m regular channels gerdually wash
particles of rochs away from the top of a slope and transport
them to 1ts beltom ‘llis 1s known as the deluvial proce <
and the accumulated washed away particles are called
dectzium  Depending on the duration of this process the
deluvium deposits sometimes grow to a thichness of =everal
scores of motres

Deluvial depo=its accumulate at the foot of slopes 1n
the form of trauns Morphologieally the latter resemble
talus trains The d:fference between them lites 1n the way
debris 1s distnibuted In deluvium the coar<e graned
fraction remains on top of the slope while in talus 1t gathers
at the bottom

If the slope consists of superimposed beds the topmost
bed 1s eroded first then the seccond bed 15 exposed to weather
ing transported downh:ll and superimposed on the bed
that had been brought down first The products of ablation
of the third bed nre arranged still higher 1n the deluvial
series Thus 1n deluvial deposits we observe the <ame
beds lying near the water divide 1in a rena<hed state but
arranged 10 1nverse order

The composition of the material 1 deluvial deposits
their colour thickness and other features depend on the
huight of slope 1ts steepness and the hardness of the rocks
The deluvial deposits on the sides of valleys composed of
umiformn clayey series are of the same clayey pattern but
only rewashed In areas composed of various rochs the
deluvial deposits are not uniform

Ablation 15 facthitated 1f the slope 18 steep and not
fixed by vegetation Grass protects slopes agamst deluyial
action becnuse 1t hends 1n the direction 1in which the water
flons and forms a protective coating There 1s intensive
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ablation on ploughed slopes particularly before the sown
vegetation germinates and strihes root Deluvial ablation
1s often 2 menace to farming because fertile so1l 15 washed
AWAY

In the final analysts ablation does the job of flattening
owt any ruggedness 1n the rehiel the interfluvial arcas sink
gradually and the low arens rise at the expense of debns
brought down to the foot of slopes

Erosion

If a hollow (rut or groove) appears on the side of a hill
it collects many of the streams Erosion proceeds
more intensively in this hollow than elsewhere The onig-
101l hollow with 1ts sharply defined outlines grows longer
uphill until 1t reaches the crest of the slope It expands
i the centre while the lower part flattcns out as debris
accumulates A pully thus takes shape on a once perfectly
even slope Each section of 2 valley s subject to dilierent
geologcal action erosion 1t the upper transportation in
the middle and depositation in ihe lower section The
level at the foot of a slope from which a gully grows s
called the base lerel of erosion This will be the level of the
water basin (river, sea) mnto which the river flows

Systems of Gullies There sometimes arices a system
of gullies running in more or less parallel directions from
a watershed towards a valley and cutting into 1ts slopes
frequentlv to a considerable depth (up to several tens of
metres) (Fig 39) Branches may appear 1in the principal
gully and grow together with i1t 1e¢, as they grow their
apexes rise 1 the direction of the watershed and they
become deeper and wider where they join the principal
gully At the top of a gully there 1s usually a chiff from which
rain water rushes down, undermining the base of the ehfif
and thus expanding the gully

The rate at which a system of gullies develops depends
on the geological pattern of the slopes of 1 watershed and
on their steepness Frequently a system of gullies gradually

chimbs to the top of a watershed cuts 1t and attacks the
opposite slope Asat develops a gully which has penetrated
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tnto an adjacent drainage system may encounter the gullies of
this slope cut into them and intercept the water carried
by them Not only gully drainage but also the r1ver drainage

of lhe opposite slopu can thus be mtercepted This process
15 known as river valley piracy

Some gullies are very long and have a complex network
of branclies The growth of a pully can be easily traced

Fo 33 Devctopment of 1 gully network due to the erasion of steep
tliyey  lopes

Separite sections and ocenasronally fairly large arcas of
an interfluve ¢an be cut up by 2 den<e network of gullies
and made tnaccessible and unsuitable for cultivation

Gullies develop very rapudly 1n barren foothill areas
composed of loess Iil e rocks

Gallies wusually carry water only n the runy ¢ 1eon
or during the spring thaw and are dry 1n ether censons
As they gradually pgrow wrder and deeper they reach a
tagr¢ where their bed= (thalweg) become flat and erosion
censes The bed of a gully 15 at first quite steep and the
water therefore has a very great velecity oas the ravine
lengthens out 1ts gradient becomes gentler and this slows
the water down and consequently 1ts force decrea es and

the gullies stop growing
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In a temnperate chimate
the slopes and bed of a gully
are covered with sed 1 e
grass hushes and even trees
grow on it These gullies
ar¢ called ravines

When a decpening gully f:%'\\ w
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dams (Fig 40)

The erosion that 1s obhserved 1n gullies take- place
In rivers on a much bigger .cale

River Systems The area over which a river flows em
ptying into a central channel 1s called n drainage basin
The basins of big 1ivers occupy vast areas of hundreds of
thousnds of square kilometres The biggest dramnage
basin 1n the European part of the US S R 1s that of the
Volga which has an area of 1 380G 000 square kilometres
This basin unites the big Oka and kama rivers and many
thousands of small rivers and streams that dramn into the
Volga and 1ts principal tributaries

The geological action of rivers consists manly in erod
Img river beds and banks and transporting and depositing
roch waste All these aepects of activity are oiten man;
fested simultaneon ly in one and the same area of a valley

However the most vigorous crosion 1s observed 1n the
upper reaches of 1 river where the bed gradient 1s very
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steep 10 the midchannel section geological action consists
chiefly of scouring transportation and depositation and
in the Iower course—of transportation and depositation

rl

b1« Ded crosion in the upper reathes of a
moupntiin alfeam

The 1ntensity of erosion transportation and deposs
tation 1n one and the ame cecction of 2 river Mmay vary

con wderably 1n time depunding on the quantity of water
¢n the river The more water there 18 1o a eiver the more
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intense 1s the erosion proc
ess Given the same quan
tity of water 1n a stream
erosion depends on the rate
of flow It has been estab
lished that 1f the rate of
flow 15 doubled the water
carry1ng capacily Increases
64 times while 1f the rate
of flow 15 tripled 1t 1n
creases 729 times

Rirer Bed Eroston Tuv
er bud  erosion 13 mani
fested where the flow 1s
sufficiently fast to allow
suspended maternals to he
transported 1t is particu
larly intense where cddying currents prevall (Fig 41)
For example necar waterfalls and ramds the whirlpools
In rivers carve ogut gilant pot holes (kg 42) The hard
material carried by water, especially coarse sand and pebble
15 the main factor furthering the deepening and furrowing
activity of water Clear water even 1f 1t flows rapidly can

not leave any noticeable trace on the surface,of bard rocks
1he rate and mag-

nitude of erosion de
pend on the compo
sition of the rocks of
which the banks con |
815V Banks consisting =———=
of loose rock such as =—

Fig 42 A waterfall erodes the
bed of a river

sands, loam clay and
coarse gravel with un
cemented grains (peb .
hha-fI a&:ld boulders) are e
troded very rapidly =—//————=
(Fig 43) Water (ats 5 I.: _ 1

away the foot of banks

_i_l -

particle by particle - "
mang a deep groove Fig 43 Cross section of a river valley

I—hard rock strata 2—acft rock etrata J--se
with  the result diments carrled by the river
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that the overlying  buds lose  thur support and g
fragments collapse into the water, which crodes and carries
them away

DBanks consisting of sandslone e<chist limestone granite
and other hard rochs resist erosion better Where rocks
are hard the work of the wter slows down considerably
but 1n spite of this rivers cut into them 1nch by 1nch form
INg enormoils ¢canyons

fateral Lrosion A river crodes its hed in a vertical
direction as long as 1ts force 1s great enough to enable o
to remove 1ll demohished materinl from the orghinal bed
When ariver loses ats foree 1t begins to deposit the material
transported by 1t and crosion of the bed cea es

During floods a river crodes ils banls thus stexds
ly wadening 1ts valley This 1s noticeable particulirly when
& river overflows i1ts banhs

A river s ughest water lovel 15 hknown as 1ts flood or
high water Jevel (the lowest water luve) 1n a river 1s ealled
the low or normal water level) During high water a river s
level occasionally rises as much as <everal metres For
instance 1n the Volga 1n the vicimity of the Zlngult Hills
lood waters rise 14 15 metres above the normal water
level In the Moskhva River {lood waters have often over
flown the banhks 1n the low lying districts of Mo con and
this made 1t necessary to build high embankhments During
floods 4 river reccives from 30 to 100 times more water
than usual In countries with 1 more uniform chimate the
quantity of water 1n nivers during floods 1s two or three
times greater than during the low water season while m
countries with a wet winter marhed by abundant snow or
rain the quantity of water increases 5 2 fold and some
tirmes even more than that

One can often see how turbulent strcams of spring water
erode banks over a distance of several kilometres and cover
several mictres of the forebank

Through lateral eroston rivers often carve twisting chan
nels for themselves attackhing now one and now the other
baok A river may swerve from its origmmal course 1nd
for various reasons stirt developing a bend In small
streams such an accidental cause may be for example a
sunken tree around which transported material accumu
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lates, forcingthowater

to flow closer to the \

opposite bank In >> b %O
farge rivers a devia

tion may he caused

by a landshde / \ \

A river s ¢course 1S
iig%&fﬂ;ﬁ:‘;};nafﬂiﬂ Fie 41 A r;manderh'md]t!liu formation
| 0] M OXDOW 1K
eyvacuate material to
their mouthe and form

alluyvial fans 1n the shape of a penmnsula or 1sland between
which they flow and branch qut If this maternal 1s abundant
and the flood waler cannot scuur 1t the river turns {oward
the opposite bank eroding 1t and thereby forming a bend
The bends in a river channel gradually become sharper
because the velocity of the water and therefore, 1ts eroding
activity are always higher near the ccooped out bank
along which the channel 1s the deepest the material carred
by a river1s deposited forming alluvium (Fig 44 45) along
the prolruding bankh where the current 1s slower The
eroded bank slowly retreats and forms a loop

Eroding each bank in turn the river gradually widens
1ts valley 4nd the region of lateral erosion can therefore
also be called a valley widening region

During low water a river flowing i some delinite direc
tion and ecroding its concave bank more than the other
builds up (on the convex bank) an embankment consisting
of the material transported by 1t This embankment subse
quently determines the river s course I during the next
flood the river 1s unable to destroy the previous year s
dnfits 11 will be forced to find a new channel and con
sequently change 1ts course The river may break through
to a new channel by way of a bend the remains of an old
channel which wn low water have the shape of elongated
crescent shaped lakes known as oxbow lakes may as
a result be seen 1n a river valley Durning floods they mav
unite with the river s main channel

During low water a river s channel 13 much narrower than
its valley In times of flood water overflows the channel
and 1inundates the entire valley from one slope to the other
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Tho flooded arcas of a valley are cnlled flood plains
Ono of tho reasons a miver deviates from 1ls original
course 18 the formation of natural leiecs They are formed
when a river bursts ats banke and overllows o gra s and
shrub overgrown flood plun  the flow slows down  and
the transported mineral load 1s deposited along the margin

Fig, 2o Meanders of the huma Baiver near Shiner iy o b ody

of the channel where 1t forms large ¢mbanhments The
sand and silt ridges built by the water prow with each
flood Before a flpod the water level in a channel protected
by embankments 1s higher than the general level of the
flood plain and oxbow lakes As the walcr rises during a
flood 1t tends to flow over the embankments at the lowest
point of the flood plun and develop a new channel or
return to the old one The natural levee 1s eroded at the
points where the water flons over 1t

Allurial Process The work that a river does 1in deposit
ing sediments 1s called the alluvial process while the
deposited <ediment s called alluvium  According to
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E V Shantser the alluvium in a river valley can be divided
into three categories channel, flood plain and lake Flood
piain  alluvium everywhere overlies channel alluvium,
because the latter covers the entire bed of the valley as a

result of the displacement of the channel downstream (due
to the absence of a concave bank—meanders) The allu
vium doposited by rivers with a different rate of flow and
eroding different rocks will obviously be different The
alluvium of some rivers consists of coarse waste and of
oth¢ro—of fine sand clay or silt Sediment of different
s1ize may be tran-porled and deposited even m various
-eclions of the same river or at diflerent times of the river s
existence Durning floods when the force of the water 18
high a river transports coarse waste When a flood sub-
s1des the river begins to deposit the matenal 1t carries 1n
suspension During the low waler period therelore a
river 1s nearly transparent in contrast to the time of spring
floods when the water 15 very turlad

During a flood the quantity of material carried by a
niver greally mcreases For example when the Hlwang Ho
i China overflows 1ts banks 1t carries 400 times more sudi-
ment than during the low watcr pertod In the course of
four rainy months the Ganges 10 India empties into the
Indian Ocean 24 times more sediment than during the other
eight months of the year A parl of this material floats 1
the water re 1t 18 carrted 1n suspension the ranander
15 rolled along the river bed (drawn dnift) VWhen the water-
level drops a river first deposits the drawn drift and then
gradually the matenal carried 1n suspension This accounts
for the sorting out of the deposited materials which depends
on the changes in the water level and on a deceleration
of the rate of llow Insofar as the ceparate streams 1n a
river move arregularly forming whurlpools and flowing
from one bank to another the alluvium 1s bedded haphaz-
ardly In profile an alluvial come 13 usually stratified
unevenly {Fig  40)

VW“hen the alluvial process 1s examined 1t should be
borse 1n nund that the mechanical composition of the allu-

vium deposited by mountain streams dilfers from that of
the alluvium laid down by fNat land rivers As a rule the
tatter carry small particles of st and sand mountain
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rivers whose gradient s very steep at a delinite stage of
the formation of valleys traneport pravel and pebbles in
addition to silt and sand, and during floods they =ometimes
bring down rochs with a diameter of more than a metre
As they are rolled along the bed of a river these rochs rub
aganst (nch other are ground and polished acquire an

Fig 46 Obligque stratifcation of allosium

eilipsordal or spherical shape and are gradually worn down
ta pebble and then to sand Thus even big mountain rivers
laying down coarse material mn therr upper reaches gradually
bepin to deposit ever finer grains Particles of elay and silt
are sometimes transported as far as the point where a river
discharges 1ts waters 1nto a lake or sea

Coarse waste may also be deposited 1n the lower reaches
of a river For example during the spring rce dnft 1cc
floecs may carry stones far downsiream and deposit them
where normally only silt and <and are deposited

Rivers carry enormous quantities of sediment to the sea
The Amu Darya Ior evample carries 44 854 000 cubic
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metres of sediment a year to the Aral Sea the Hwang Ho
yn China transports npearly 900 000 000 cubic metres of
sediment a year Even the Rion River wmith its relatively

clear water carries 8,000,000 cubic metres of <ediment a
vear to the Black Sea

Besides solid rock exposures, into which their valleys
are cut, there are deposits of sediment—boulders, pebbles
sand—in the channels of even swift mountain streams But
this material only lies 1n the channels until the annual
spring flood when all or a part of 1t 1s transported to a
new place In the area where a valley widens out laterally
the material borne by the river 15 deposited on the valley
floor usually near a bulging hank

The principal area where sediment 15 deposited 1s 1n
the lower section of a valley where the gradient 1s gentler,
the current slow and the river 1s unable to erode 1ts banks
except during floods Most of the fine material 15 depos
1ited here since the coarser material (gravel pebbles)
had already been deposited 1n the middle and upper reaches
of the river Rivers which do not unload sediment 1n
their lower reaches carry it to the sea or lake and form a
delta (Fig 47) A delta 1s a land area at the mouth of a
river wrested ifrom the sea and consisting of alluvium It
usually has the shape of a triangle with the apex directed
upstream In 1ts delta a niver often branches out separat
g 1mto numerous twisting channels that change their
position during a flood When a delta 1s 1nundated the
level of the deposits in 1t gradually rises as new alluvium
settles Rivers like the Volga the Neva (an whose delta
Leningrad 1s situated) the Lena, the Danube and the
Nile have very large deltas Some rivers have dry deltas
with an arca of hundreds of square kilometres for 1nstance
the Sokh the Murghab and the Zeravshan These rivers
deposit clastic matenal as they leave mountams The
deltas of these rivers consist of well rounded but coarse
clastic material near mountains and of fine mater:al along
the edges

Many of the rivers emptying into seas and oceans have
no deltas The river mouths located in the area of high

tides as well as in the zone where the sea coast 18 gradual
ly sinkang have tho shape of a narrow bay cutting deep
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inland Such a hay is called an cstuary or liman The Dnie
per the Ob  the Bug the Scine the Congo and the Ama

zon for cxample have estuaries
Stages of Nliver Development From the s«purce to the

mouth the curve of a river @ bed {longitudinal profile)
which is steep in the upper reaches, gradually flattens

Fig 17 Delta of the Yolga River

put as 1t 1s eraded by the flowing water and tends to become
the extreme base level of erosion or the prolile of equilib
rium betwoen erostion and accumulation 1n the river valley

In its course a river often encounters rocks of unequal
hardne s The harder rocks resist eroston better and rapids
and waterfalls appear where they arc exposed to the water
(Fig 48) Each of these rapids and waterfalls ts a local
base Ievel of erosion all sections of the river above this
rift rapid or waterfall build up their prolile with respect
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to this new base level,
while the river s mawn base
level 15 1n 1ts lower course
near the mouth The same
picture 15 observed when
a rver 1s artificially
dammed

After 1t has worked out
its own profile of equihib
rium 1t ccases to deepen
its channel bed erosion
i the upper reaches gives
place to lateral erosion,
and the shape of the valley
changes from a Vioal

In the course of a river s
activity 1ts valley may
become very wide and filled
entirely with alluvium In
this period the fiow loses
1ts force and bed erosion
Ceases

There are three stages in
the development of a river

the youthful stage when bed erosion prevails the mature
stage, when Ilateral erosion develops ntensively and
lastly the old stage when erosion stops Very often scpa
rate <ections of ariver are 1in different stages of development
Intensive eresion may be proceedsng 1mn the upper reaches at
a Lime when at its mouth a river is already approaching
the old stage

A miver drainage system with the accompanying changes
i the relief of the basin occupied by this system may take
many thousands of years to develop As long as the river
valleys are narrow and the spaces between them (inter

fluves) wide the level of the greater part of the interfluves
15 gher than that of the river valleys This 15 called the

youthlul relief stage As development proeceds the inter
fluves grow narrower and the valleys become wider the

relief enters the maluggtstm *t,lf?{'?m‘ﬁh all tnterfluves

are cut ofl and unlw?mn n (manadnndhs) ramain

Fig 48 Mopuniamm waterfall



the whole regron shifts, as it were to a lower level, to the
level of the mver valleys this 1s the old stage of the reltef
Becau e of the very small surface gradients and the abun
dance of alluvial deposits water erosion comes almost
to a standstill 1o this period river activity ceases and
the region becomes almost a piain or peneplain

These successive stages of relief are called the geogra
phical cycle To accomplish 1t a long period of geological
time 1§ required 1n the course of which the action of running
water must not be disturbed by any local uplifts or subs:
dences of the Earth s crust This 1deal development 1s rare
The changes 1in the Earth s crust usually lead to changes
10 the gradients of various areas and in the flow regime of
1V eTs

In the course of a drainage system s development some
stages may be either accelirated or interrupted In the first
case the drainage system begins to grow old prematurcly
In the sccond the drainage system 18 rejuvenated and
the river begins to deepen 1ts channel and widen the
valley These changes may be caused either by secular oscilla

Fig 7 Terraces along Lhe 5ary Jas tn the Tien Shan Mountalns



tions of the Larth secrust or by substantial climnatic fluctua
t10n5

If at a defimite stage of a rver system s development
the base level of erosion gradually rises the river erosion
curve will flatten out and, consequently the force of the
river will decrease This leads to senility On the other

Fig o0 Cross section of river terraces

hand 1f the base level of erosion drops the region will
begin a new geographical cycle the erosion curve will
become steeper and cutting wnto the flood plain the niver
may begin actively to erode the alluvium 1t had previously
deposited A ferrace orerhanging the flord plain thus begins
to grow in place of a terrace that had been in the flood-
plain The same will happen 1f the source area rises
Similarly f precipitation increases 1 a river basin
the quantity of water 1in the river will also 1ncrease 1ts
force will become greater and erosion will \ntensify A sys-
tem of bench like terraces stretching along the channel
forms on both banks of a river 1f the base level repeatedly
drops and the area ¢ontuiming the upper reaches nses
(Figs 49 51) Terraces may consist of allavium or of bed
rocks They are called roch or erosion terraces Mixed tor
races c¢an also appear Alluvial terraces form when a river
does npt erode 2l tho sediments 1t has deposited, mixed
terraces arise when a niver erodes all the alluvium n
1ts_bed and goes on to ecrode the bastc channe! T[rosion
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terraces only appear in the carly stages of a river s develop
ment and are clongated ledges on the native slopes of
valleys

A study of terraces will c¢larify the history of the devel-
opment of river valleys and of Jand eroded by rivers

Flat country rivers usually have two or four terraces
overhanging the flood plain Mountain rivers as a rule
have as many as 18-30 terraces which rise above each other
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Fig 51 Diagram showing the arrangement of sediments on lerraces

I—sadiments of a »aie shed (flu lum} 2—sedi nents on slopes (deluvium)
s—3cdlmnents on a terrace { lhusium)

at 1ntervals of tens and sometimes of hundreds of metres
Because mountain slopes are very steep, the rivers coming
down these slopes have a steeply dipping erosion curve
and tremendous foree The current 1n mountarn streams
1s extremely turbulent and its destructive force 18 very

reat
c The streams rising 1n highlands usually have waterfalls
and carve out deep canyons (Fig 52) Above a waterfall a
river usually flows between low banks and below 1t 1n deep
canyons Tributaries that join a river in 1ts Jower stream

likewise flow 1n deep and narrow gorges
Waterfalls are cross ledges of hard rock m the channel

of ariver There are many of them 1n mountain streams 1n
the Caucasus Altar and Central Asia Very few occur 1n
large flat country rivers The biggest waterfalls 1nclude
MNiagara Falls m North America (50 metres high) and the
Victoria Falls on the Zambezy River in South Africa (133 me
tres high and pearly { 000 metres wide) The erosive force
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of falling water 1s very great and that 1s why deep pits
(pot holes) are formed at the foot of a falls and the ledge
from which the water drops 1 undermined with the result
that the overhanging rock collapses and the waterfall itself
1s forced to retreat upstream {Niagara Falls, for 1ostance
recedes upstrcam at an annual rate of 0915 metres)
Below a waterfall the river flows through a deep canyon

Besides waterfalls rivers have rapids, which are large
boulders or outerops of hard bedroch covered by water onlv
during floods

Torrents In mountain regions especially where the
climate 18 very dry and hot small rivers and streams that
are usually dry or have wvery little water may turn into
powerful sireams after heavy torrential ramm and cause
enormous damage Water pours down the steep mountain
slopes at a great speed tearing away rock fragments and
layers of loose soil

Sem melted jelly like masses of snow and 1ce mixed
with mud fall from a great height slide along slopes rolling
in front of them small crushed stones Water snow mud and
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Fig 52 Canyon along the Terek River
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Fig <3 Debris ¢cone from a mountin vatley It has the [orm of o ter
race truncated by a river

Fir 5% Sediments brou~!'t by a mul and stone stream



sand mix together into a continuous dark stichy mass
carrying spinning stones and boulders In this vast moving
jumble huge blochs of stone buffet each other and collide
with enormous force The aiwr 1s rent by a thunderous
roat which comes from the mountaing as a danger
warning

The destructive action of atmospheric water often leads
to terrible disasters These sudden mud laden wviolent
streams caused by heavy rain or by melting snow 1 highland
regions are called torrents

Torrents carry to the mouth of their valleys enormous
quantities of poorly rounded unsorted and unstratified rock
waste called proluvium The deposits laid down by a swift-
flowing stream form huge alluwial fans Irequently called
dry deltas (Figs 53 54) The cities of Alma Ata Andyan
and hokand 1n Central Asta and several towns 1n the Cau
casus are situated on alluvial fans

Mud laden torrents are combated by planting trees on
the slopes of rmiver valleys building dams and so on

GCEOLOGICAL ACTION OF UNDERGROUND WATERS

Rocks and Their Relation to Water The rocks of which
the Earth s crust consists are not completelv sohid Each
contamns pores and cavilies whieh act as receptacles for
mowsture called underground water to diastinguish 1t from
surface water The pores and ecavities intercommunicate so
that 1f there 13 a gradient or bydrostatic head the water can
move 1 the rock from one cavity or pore to another

No two types of rock have the same capacity to let water
through themrr pores Some for example pebbles gravel
sand fissured granites and cavernous limestone have large
pores and let water through quite easily while others—
clay unfissured marl unfissured crystalline schists and
hyaline rocks to name a few—have fine pores {micropores)
and are almost impermeable to water

A rock s ability to absorb water 1s called 1ts permen
bility According to their permeability all rocks are elass:

lied as a) permeable rochs b) semi permeable rocks

or
¢/ water C1gh¢ or waler resisting rochs
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All p epmtic uncemented sedimentary rochks such as
pebbles gravel and sand as well as <trongly fissured rocks
belong to the permeable group Arpillaceous sand Iocss
peat and fissured marl can be considered as emi1 permeable
rochs All hard unfissured crystalline rocks and al<o clay
a clastic uncemented rock, belong to the water resisting
group

Another important property of rochs 1s thewr abihity to
reta:rn wnater

This property called morsture capacity 1s due to the
capillary and hygro copic structure of rochs according to
which they can be divided into the follewing three categaries

1 Rockswith a high moisture capacity (peat clay leam)

2 [locks with a low moisture capacity (marl Jocss
argtliaccous <andstone argillaccous <and)

3 Rocks with no moisture capaesty {igneous and =ohd
<cdimentary rochs including fissured and loose [ragmental

rochs such as gravel and pebbles)

A roch s moisture capacity depends on the size of the
pores and cavities betwecen 1ts particles The fincr the pores
the greater 1s 1ts moisture capacity and the lower 1t= pcrmea
biltty The expianation for this 13 that the surface tension
films forming in the eapillary pores when a rock 1s <aturated
with water impricon the water partichis already in the pores
and at the same time prevent other watcr pa